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INTRODUCTION

In 2010, HNTB was awarded a contract to provide the electrical distribution equipment for
the SR 520 Pontoon Project. The facility is located in Aberdeen, WA. The specifications
for this project required a short circuit, protective device coordination, arc flash, harmonic,
and load flow studies.

A short circuit study was performed to determine the short circuit current values at various
points throughout the distribution system. The short circuit data was collected from the new
equipment nameplates, drawings and submittals for the new equipment. These values
were then compared to the equipment short circuit rating.

The study contains a reduced copy of the one-line drawing and computer printouts of the
fault values. A list of the equipment short circuit ratings is also included.

PowerStudies.com, P.S. also performed a protective device coordination study. This study
determined circuit breaker settings and verified the fuse sizes. The coordination study and
time current curves can be found in Tab 7. The circuit breaker and relay setting sheets are
located under Tab 8.

The protection engineer from PowerStudies.com also performed an Arc Flash Study for the
distribution system shown on the one line drawing. The study calculated the Arc Flash
Boundary, Incident Energy Level, and the required Personnel Protection Equipment (PPE).
The study includes a spreadsheet-type listing of each piece of electrical equipment that
would require servicing while energized, upstream protective devices, arc flash boundaries,
incident energy, and required PPE; these are the Arc Flash Evaluation Bus and Protective
device line side Reports. They are located in Tab 11. Paper copies of the Arc Flash labels
located in Tab 12. (Note: Only 1 set of adhesive labels is included for this project.) These
labels should be attached to each piece of equipment.

Also PowerStudies.com performed a harmonic analysis. The harmonic analysis can be
found under Tab 14. PowerStudies.com also performed a load flow study. The purpose of
the load flow study was to determine the power factor, voltage drops, kW, kVAR and
current flows. The load flow study can be found in Tab 15.

Tab 1 Page 1
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EXECUTIVE SUMMARY AND RECOMMENDATIONS

The purpose of the short circuit study was to determine the available fault current at the
switchgear, switchboards, panelboards, and other equipment throughout the facility. The
engineer performed the short circuit study on the new equipment being supplied. The
engineer compared the fault values to the equipment short circuit rating.

The engineer calculated the fault current using the SKM computer program. This program
ignores the current limiting effect of the fuses. If the equipment is underrated on a fully
rated basis, then the engineer applies a series rating method. If a series rating method can
not be applied and the equipment is pre-1982 design, then the Bussmann Up-and-Over
and Up-Over-and Down Method is used. Flow chart #2 shows this procedure and is
included at the end of Tab 3. '

The summary sheet in Tab 6 lists all equipment and short circuit ratings on a fully rated or
series rated basis. Gray Harbor PUD supplied the available fault current and transformer
information. A copy of this information can be seen at the end of this tab. According to
PUD, only (1) 2500 kVA transformer with 5.7 impedance is currently servicing the facility
and the other utility transformer is on order. As a result, the engineer has assumed the
future utility transformer to be the same as the existing one. The available fault current
used in the study is listed below.

Available Fault Current

Node ID# Node Name Volts 3-Phase Line to Grd

XFMR-UTS UTIL XFMR SEC 480 52,755 A 52,755 A

The study was performed on the new equipment being installed. The calculations show
that all the new equipment is properly rated for the available fault current.

PowerStudies.com, P.S. performed the coordination study to determine proper settings for
the protective devices. PowerStudies.com, P.S. also provided recommendations for
obtaining better equipment protection.

Selecting a proper setting is part art and part science. The engineer determined settings to
increase protection and reduce the number of circuits that will de-energize due to a fault.
The settings of these devices depend not only on engineering judgment, but also on
personal experience and local operating conditions. Any appreciable change in system
capacity, load, operating procedure, or short circuit characteristics requires a reexamination
of breaker settings.

Due to the inherent nature of molded case circuit breakers and fuses, there was some

inevitable overlapping between fuse and breaker instantaneous operation regions. These
devices are sometimes impossible to coordinate, unless there is a large amount of
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impedance between upstream and downstream devices (i.e. transformers or long feeder
lengths). This problem does not require any action. The industry considers this to be a
tolerable situation except for elevator circuits and controllers.

The National Electric Code has some special requirements for people transporting
equipment such as elevators and escalators. Section 620-62 states: Where more than one
driving machine disconnecting means is supplied by a single feeder, the overcurrent
protective devices in each disconnecting means shall be selectively coordinated with any
other supply side overcurrent-protective devices. Properly sized upstream and
downstream fuses can be selectively coordinated for all levels of fault current. A 2:1 size
margin must be maintained between the upstream and downstream fuses. Usually, it is
impossible to have total and complete selective coordination between devices that have
instantaneous characteristics (i.e. circuit breakers and relays). The circuit breakers usually
will coordinate in the long and short time regions but will overlap in the instantaneous
region.

PowerStudies.com performed arc flash calculations for the distribution system shown on
the one line drawing. The arc flash calculations show that PPE clothing can be worn to
increase personnel protection for the majority of the locations. The study was performed
using the NFPA-70E (2004), IEEE - 1584 (2002), and NEC standards and codes. Using
these standards along with the Power*Tools for Windows — Arc Flash Module, the engineer
determined the incident energy level at various points throughout the distribution system.

The engineer performed the arc flash calculations for the equipment shown on the electrical
one line drawing contained in the report. The engineer started at the utility main service
and continued downstream but stopping at the secondary side of any 208 Volt transformers
rated less than 125 kVA. This is based upon |IEEE 1584 (2002) Standard page 15 that
states, “Equipment below 240 V need not be considered unless it involves at least one 125
kVA or larger low impedance transformer in its immediate power supply”. Page 34 of the
Standard also states, “The arc-flash hazard need only be considered for large 208 V
systems: systems fed by transformers smaller than 125 kVA should not be a concern.” For
these downstream areas, generic labels were created for these locations.

To aid the technicians in determining what PPE must be worn, Arc flash warning labels are

provided for these various locations. The examples of these warning labels are shown
below.

Tab 2 Page 3
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Arc Flash and Shock Hazard
Appropriate PPE Required

1Ft6in Flash Hazard Boundary

1.2 calicmy® Flash Hazard at 1 Ft 6 In
Category 0 Untreated Cotton

208 VAC Shock Hazard when cover is removed
ao Glove Class

3FtéIn Limited Approach (Fixed Circuit)

Avoid Contact Restricted Approach
Avoid Contact Prohibited Approach
06/19/2008 Arc Fl

Figure 1 — Example Arc Flash Label

The PPE clothing class is determined based upon the incident energy and voltage class.
The PPE matrix table (130.7(C)(10)) from NFPA 70E (2009) can be found in Tab 9.

The engineer assumed the maximum arcing time current would be two seconds as
referenced in IEEE-1584-2002. This is a reasonable assumption because after this period,
the individual would either move voluntarily or be blown clear of the arcing fault.

The arc flash calculations show that PPE clothing can be worn to increase personnel
protection for most of the locations. Arc flash warning labels provided for these locations
indicate the PPE required to be worn. The engineer recommends that the arc flash warning
labels be installed on the electrical equipment to warn personnel of the potential hazard.

The following is a list of locations where the available incident energy exceeds 40
Cal/cm”2. At these locations, the Required Protective FR Clothing Class is displayed as:
“*** Dangerous!!! No FR Class Found. Before working on this equipment, the protection
engineer strongly recommends that this equipment be de-energized.

Tab 2 Page 4
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At the time of the study, the following information was not available and therefore assumed:
1) According to PUD, only (1) 2500 kVA transformer with 5.7 impedance is currently
servicing the facility and the other utility transformer is on order. As a result, the
engineer has assumed the future utility transformer to be the same as the existing
one.
2) The generator breaker was assumed to be a GE SELA 100A breaker.

The following general recommendations will maintain the distribution system reliability.

1. Revise, update, and redraw the Distribution System One-line drawing for the facility
when new equipment is added. This will decrease trouble-shooting time, reduce errors
in decision-making, and decrease engineering costs for future projects.

2. Verify that the device settings are set to the values shown in Tab 8.

3. Test and inspect all electrical equipment periodically as outlined in:

a) NFPA 70B: Electrical Equipment Maintenance

b) NETA 2009: Standard for Acceptance Testing Specifications
c) NETA 2007: Standard for Maintenance Testing Specification

Tab 2 Page 5
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Grays Harbor PUD

P.O. Box 480

2720 Surmner Avenue

Aberdeen, WA 98520

(360) 532-4220

or {800) BG2-7726

Fax « Engineeting: (360) B3R-6370

FAX TRANSMITTAL SHEET

TO: AN Ho LLLQAY
Fowee. STUDES

FAX NO: 2532 = (39— 3L35
FROM: PRIC  BELKMA
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3 E LOM 15

Phone 253-639-8535 w Fax 253-539-8685 & 16127 SE 266th 5¢, Covington, WA 98042

Date 7/29/2010
TO:
COMPANY: GHPUD
NAME: Wesley Gray
REG, PHONE # 360-5638-6353
FAX PHONE #
Email Address wgray@ghpud.org
FROM:
NAME: Ann Holliday

REG. PHONE #  253-639-8535 Ext: 102

FAX PHONE # 253-639-8685
Email Address holliday@powerstudies.com

SUBJECT: Utility Information Data Sheet:
Site Address

Project / Facility Name: SR 620 Pontoon
Address:

Please help us reduce your costs!
Providing your utility data will allow us to
1) Coordinate your customer’s protective devices with your utility.
2) Reduce the need for you to replace your customer's fuses, reset relays, or reset
reclosers.
3) Provide better protection for your transformer.
4) Increase the safety at your customer's facility.

Be a key player in keeping your customer’s project on schedule!
Your customer has asked us to perform this power system study. Without your data,
this study cannot be done. Providing us with your data will allow this project to stay on
schedule.

Your quick response will be rewarded]
Please complete this form and fax it back to our office. We appreciate your timely
response. In fact, if we receive your fax within 5 business days, we'll send you a
Starbucks gift certificate to show our appreciation!

Thank you!
Ann

NUMBER OF PAGES TO BE FAXED: COVER SHEET + 4 PAGES
THE ORGINALS _ WILL ~ WILL NOT BE SENT.
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Phore 253-539-8535 m Fax 253-639-8085 » 16122 SE 266th St, Covington, WA 98042

Job # 1001055 Project | Facility Name: SR 520 Pontoon

Instructions: Please fill out as much of the information as you can and fax back.

Fault Current Data (See attached NEMA Statement)

Fault Current Location (Check one) [XIXFMR [JPole  []Other

MAXIMUM FAULT CURRENT
Type of Fault Volts Amps X/R Ratio
3-Phase A 50 52755

Line to Ground 277 W

MINIMUM FAULT CURRENT
Type of Fault Volis Amps X/R Ratio
3-Phase 400 9106 2

Line to Ground 277 u
Closest Utility Protective Device
Device Location (Check one)  [MIXFMR [[Pole  [JOther
Fuse :
Manufacturer ~ COOPE Type A -0 ~N T
Voltage \2ATON [ 7200 Amps 140
Catalog# 4000353C17  MigTCC# _R240- 3\ ~50

OR
Relay
Manuf. Type Cat. #
CT Ratio Tap Time Delay Instantaneous
Phase '
Ground

Conductor Data — If installed by utility

Volts | Number/ Phase Size Copper/Alum Length
| Secondary |44 /277 7 756 oM | COPPLR 3 7,
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L0M #s

Phone 253-639-8535 & Fax 253-639-8685 & 16122 SE 266th St, Covington, WA 98042

Transformer Pata (For Maximum Fault Contribution)

Type (Check One) [Xloil [bry [Isilicone
KVA 250606 Impedance_S T
Winding Connection (Check one)
Volts Delia Wye Ungrnd Wye Grnd
Primary | Iz4T76Y /7200 X
Secondary | 486% /277 X
Transformer Data (For Minimum Fault Contribution)
Type (Check One) BHoil CIDry [ISilicone
KVA 2500 Impedance_5.7
Winding Connection (Check one)
Valts Delta Wye Ungmd Wye Grnd
Primary | 12470 ‘c/?zoo M.
Secondary | 436Y [277 .

Comments:

THe oONLY  TRAGSEe@MIZ Loe  Hade RIGHT NG LS

Fop THis FrodecT 15 SetiaL  NUaGE
“03J976623

T Lerr THE X//ﬁ Rafio  Blauk BuT A7TTACH L
CEOTIE ¢ TEST REPRTS  FoR THE UNiT L& HAY,
THE  OTH e TrawSfelmel. |5  0cd  OROEL,

THaAaMNKS /

PH«(_ 5éC/Cmﬁfd
360-538- 6377
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Certified Test Report

@oos

ABB Inc.
Jefferson City, Missouri - USA
Distribution Transformers

Customer Name :

No Load losses reparted at 85 degree, C and toad losses at 85 degree €,

WESCO DISTRIBUTION INC

No Load Losses are reported at 100 Percent of rated voltage

CUST PO |STOCK CODE| ABD ORDER | ABB ITEM
7BB3.L53500 WDE&T180 001
LOW e SERVICE
STYL
£ PHASE HERTZ KVA VOLTAGE | VOLTAGE |  STYLE
F73E266234 3PH 60 2500 480/ 277 12“'77%%*5':"” | pap
ND LOAD Teor ] - ' ] '
SERIAL LOAD LOSS | TOTAL LOSS | IMPEDANCE | RESISTANCE | EXCITING INVOICE
NUMBER LOSS (WATTS) | (WATTS) % % | CORRENT % | TESTDATE | SHIPDATE |\ iuper
| (waTTS)
A= | osjoB0zs | 22t 14,753 17574 570 0.59 0.25 O4/042008 | 04107/2008 | 7601286
0BJO17152 2.7m 14,086 16,785 5.68 0.56 022 U5/d3’2008 05/14/2008 1 7603288
0BJ9B3174 2,763 14,182 16,956 564 0.57 026 02/2012008 02/22/2008 7598873
Averade 2,761 14,347 17,108 5.68 0.57 0.24
Quoted
Losses 2,737 14,184 1,921
Tatal Units

Rise of windings by resistance at 65 deg. C, guaranteed,
Filled to the proper level with non-PCB MINERAL OIL that contained less than 1-PPM PCE at time of manufacture.
are within 0.5 percent of the nameplate valtages.

Routine leak tests and polarity tests were performed and passed oh these units, TUrns ratio for these units

Unit; Successfully Passed QC Impulse Test.

STYLE
F73E266234
‘ REGULATION RESISTANCE EFFICIENCY
ggﬁg};—k REACTANCE | 100% 80% “‘%”ng)” L?XH\@)'T 25% 50% 75% 100%
W’.s_.a.? 08J596023 5.67 0.75 3,96 0.50 0.0007 99 .4‘} 99.48 99.41 99.30
084017152 5.66 0.72 3.93 0.47 0.0006 99.44 99.50 99,44 99.33
08J963174 5.61 0.72 3.90 0.49 0.0007 59.42 99.50 99,43 99.33
INSULATION TEST ~APPLIED POTENTIAL TESTS
STYLE
F7aEZ66234
RATED VOLTS TEST VOLTS DURATION IN SECONDS
Hue 12470 . 18000 . &0
LHIC 480 10000 [=1s]

We Certify that the above information is & true report based on factory tests made in accordance with the latest transformer test code of ANSI/IEEE C57.12.90,
and that the abave transformers withsteod these tests.

StdReporfTemplate GRAYS

AL, ;.9@7_«:

iqbal M Hussain, P.Eng

- Engineering Manager

Distribution Transformers Division
Page 1 of Page 1
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SHORT CIRCUIT STUDY

Short Circuit Discussions

A short circuit study was performed to determine the available short circuit current at
various locations throughout the distribution system. The following assumptions were
made for the short circuit study.

1. The summary sheet in Tab 6 lists all equipment and short circuit ratings on a fully rated
or series rated basis. Gray Harbor PUD supplied the available fault current and transformer
information. A copy of this information can be seen at the end of this tab. According to
PUD, only (1) 2500 kVA transformer with 5.7 impedance is currently servicing the facility
and the other utility transformer is on order. As a result, the engineer has assumed the
future utility transformer to be the same as the existing one. The available fault current
used in the study is listed below.

Available Fauit Current

Node ID# Node Name Volts 3-Phase Line to Grd

XFMR-UTS UTIL XFMR SEC 480 52,755 A 52,755 A

2. The short circuit values calculated by the computer ignore the effect of the current
limiting fuses.

3. All the motors were assumed to be operating. This assumption will produce the
maximum available fault current for the distribution system.

The short circuit study was performed to verify that the existing equipment has the proper
interrupting and withstand ratings. The circuit protector's (breaker, fused switch, etc.)
proper application requires that the protector's short circuit current rating equal or exceed
the system fault current available at the proposed protector location. However, protector
short circuit ratings are based on ANSI and NEMA standards. These standards specify the
test procedures used to determine the ratings. The procedures and ratings are based on
time of fault initiation, asymmetrical peak, asymmetrical rms, or symmetrical rms current
values.

Medium voltage circuit breakers have a momentary, also referred as close and latch, rating
and interrupting rating.

1. The momentary rating is expressed as total rms current or asymmetrical rms current
based on 1.6 I"d symmetrical rms at time of fault initiation.

2. The interrupting rating is expressed as symmetrical rms current for symmetrical rated
breakers or total rms current for total current rated breakers either at a time of few cycles
after fault (1.5-4 cycles). It is dependent on rated interrupting time which is a function of

Tab 3 Page 1
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contact parting time including relay operating plus breaker opening time and further
modified by considering the power source whether remote or local.

Medium voltage power fused and distribution cutout fuses have an interrupting or
momentary rating, which are identical, expressed in symmetrical rms current or
asymmetrical rms current based on 1.551"d symmetrical rms at time of fault initiation.

The Flow Chart #1 summarizes the method required to rate the adequacy of protective
devices. There are four different categories of low voltage protectors. Each category has a
different test X/R ratio or power factor. The following is a summary of the categories:

Category #1 - Low Voltage Power Circuit Breakers (without fuses) (LVPCB)
Test XIR=6.6; P.F. = 15%

Category #2 - Fused Low Voltage Power Circuit Breakers, Fuses, Molded Case (MCCB)
and Insulated Case (ICCB) Circuit Breakers with IAC > 20 kA.
Test XIR=4.9; P.F. =20%

Category #3 - Molded Case (MCCB) Circuit Breakers with 10 kA < IAC < 20 kA.
Test XIR=3.2; P.F. =30%

Category #4 - Molded Case (MCCB) Circuit Breakers with IAC < 10 kA.
Test XIR=1.7; P.F. =50%

Low voltage circuit breakers have an interrupting or momentary rating, which are identical,
expressed in symmetrical rms current based on 1.01"d symmetrical rms at time of fault
initiation. However, the breakers are tested to interrupt the asymmetrical peak current at a
given X/R ratio or equivalent power factor.

If the fault point where the breaker is being applied has a lower power factor or higher X/R
ratio than the test values, then the system calculated rms symmetrical current must be
modified by an X/R dependent multiplying factor (MF).

Low voltage power fuses have an interrupting or momentary rating, which are identical,
expressed in symmetrical rms amperes based on 1.01"d symmetrical rms at time of fault
initiation. However, the fuses are tested to interrupt the asymmetrical peak current at a
given X/R ratio 4.899 or equivalent power factor 20 percent.

If the low voltage equipment is underrated on a fully rated basis, then the engineer applies
a series rating method. If a series rating method can not be applied and the breaker is pre-
1982 design, then the Bussmann Up-and-Over and Up-Over-and Down Method is used.
Flow chart #2 shows this procedure and is included at the end of Tab 3.

The summary sheet in Tab 6 lists all the equipment and the short circuit ratings on a fully

rated or series rated basis. There is one list for all of the devices (nodes) that are rated >
600 volts. The second list is the low voltage equipment rated < 600 volts.

Tab 3 Page 2
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The study was performed on the new equipment being installed. The calculations show
that all the new equipment is properly rated for the available fault current.
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SKM PowerTools Power System Analysis Software

The short circuit study was performed using two computer programs. The main program is
the SKM PowerTools program. PowerTools is a collection of programs that are used for
design and analysis of power systems. The software was written and is distributed by SKM
Systems Analysis Inc. of Manhattan Beach, CA.

The short circuit study required equipment nameplate data, conductor sizes, and lengths.
The data were entered into PowerStudies.com’s PSDB ACCESS database. This additional
program stores the entire transformer, conductor, power company, and motor data.

Once the data has been entered into PSDB, the system data is imported into the SKM
program. From here, short circuit, protective device, and arc flash studies can be run. The
short circuit study results are exported back to PSDB where the calculated fault values are
compared to the equipment short circuit ratings. A report is generated that lists the
calculated short circuit current and the equipment short circuit ratings. An example of this
is shown below.

Input Data

The distribution system input data is listed at the beginning of the computer printout. The
feeder, transformer, generator, utility, and motor data are listed. Following this input data is
the Dapper Unbalanced Fault Report. This report lists the Bus Name, Voltage, 3 Phase
fault and X/R values, Single line to ground fault and X/R ratios, Momentary Amps
(Asymmetrical) and Asymmetrical amperes for various time periods.

For low-voltage conductors, the resistance and reactance values used in the study are
based on Table 9 of the NEC. The resistance values are those at 75°C (167°F). Using this
temperature in fault calculations is consistent with the example fault calculation carried out
in ANSI/IEEE Standard 141-1986.

Calculation of Fault Currents

The short circuit fault values were calculated using the SKM short circuit routine. The
routine uses Thevennin's theorem and a bus impedance matrix to calculate the fault values.
The basic calculated values fall into two forms: three phase bolted fault and line-to-ground
fault values. As stated previously, the calculated short circuit current is exported from the
SKM program and imported into PSDB. The PSDB program prints out a list that shows the
maximum available calculated fault currents compared to the equipment short circuit rating.
There is a report for Low Voltage Equipment and one for Medium Voltage. Examples of
these lists are shown below.

Tab 3 Page 4
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Equip 112 Cycie | 1/2 Cycle 1/2 Cycle Equipment
Type of Rating X/R |Sym {(KA)| Asym Sym {KA) Type Of Underrated?
Node D Node Name Volts | Device | Cat [With [ Int | Ratio [[ACComp)| (KA) MF | XMF S# Fault With [ Int
’ 420 | 6.23 08 0.7 2 A Phase
'|' r 1"42”.0] éfégj—r*—|—|_“ﬁ‘ BT 7Y T e R 1’"["3"'phss’e” '
i Qommentz

Table 1 - Low Voltage Short Circuit Summary List

The column descriptions are listed below:

Field Name Field Description

Node 1D Name of the Node, Bus, MCC, Switchgear, or Generator
Node Name Longer and more description of Node ID

Volts Equipment Voltage Rating

.| Type of Device

Type of Low Voltage Device

ATS (Automatic Transfer Switch)

FLVPCB (Fused Low Voltage Power Circuit Breaker)
FUSE

ICCB (Insulated Case Circuit Breaker)

LVPCB (Low Voltage Power Circuit Breaker)

MCCB (Molded Case Circuit Breaker)

MISC (Miscellaneous)

N/A (Not Applicable — No Short Circuit Rating)

Cat Type of Circuit Breaker Category (See Short Circuit Device
Rating Procedure Flow Chart)

With Withstand Rating

Int Short Circuit Current Interrupting Rating (IAC)

X/R Ratio Calculated X/R Ratio of maximum fault Current

%2 Cycle Sym (kA) (AC | This is the calculated maximum % Cycle Symmetrical Short

Comp) Circuit value

¥ Cycle ASym (kA

This is the calculated maximum % Cycle Asymmetrical
Short Circuit value

MF

Multiplying Factor to increase fault current if calculated X/R
is greater than device test X/R ratio. (See Short Circuit
Device Rating Procedure Flow Chart)

%2 Cycle Sym (kA) X MF

Y2 Cycle Sym (kA) current multiplied by MF (De-rates
device interrupting rating) Use this column and compare
to the equipment interrupting rating.

S#

Scenario Number of the maximum fault current calculated
(If multiple cases are run, then there may be different case
or scenarios where the fault current is higher. For example
Scenario 1 — Normal Power, Scenario 2 — Emergency
Power

Type of Fault

This lists the type of fault that produced the maximum fault
current. “

Equipment Underrated? With

If the field is blank, then the equipment withstand is rated

Tab 3 Page 5
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Field Name

Field Description

properly for the available fault current. If the field is equal to
“Yes”, then the device is underrated and has too low of a
withstand rating.

Equipment Underrated? Int

If the field is blank, then the equipment interrupting is rated
properly for the available fault current. If the field is equal to
“Yes”, then the device is underrated and has too low of a
interrupting rating.

~ Medium Voltage Equipment Short Circuit Summary List
' ] ] "Ed/u'ip Rating ] 112 ] ‘ quuipment
(KA) Cycle 112 @ Underrated?
Type Int int/ |With Cont Sym(KA)| Cycle Cont | Calc Type [ int | Int/ |With
of C+L sT | Int [Part| XIR | (AC Asym  |Parting| Int Of C+L ST
Node 1D Node Name Volts | Device Sym |Asym |Asymlt0 CY Time | Time [Ratic | Comp} (KA) Time | Value | S# |Fault Sym Asym [Asym/10 CY
PSE 115000 N/A . i
Cooe e [Comment ’ ’ _ ] _ _ ’ .
o Taeewa] [ ] [ ] | 4] e [ =s | [ [1[3P]
[SWORBUS 1 T 4160 | FCB ] 36.0 | 560 [ | ] 5 | '3;['14.8'1 I 198 |302 | 214 \ 218 [ T i 3B |
i . [Comment: »

Table 2 - Medium Voltage Short Circuit Summary List

The column descriptions are listed below:

Field Name

Field Description

Node ID Name of the Node, Bus, MCC, Switchgear, or Generator
Node Name Longer and more description of Node ID
Volts Equipment Voltage Rating

Type of Device

Type of Low Voltage Device

FUSE

PCB (Medium Voltage Power Circuit Breaker)
MISC (Miscellaneous)

N/A (Not Applicable — No Short Circuit Rating)

Int Sym Interrupting Short Circuit Current Rating in symmetrical
Amperes

Int/C+L Asym Interrupting Short Circuit Current Rating in Asymmetrical
Amperes or Close and Latch Rating

With Asym Withstand Rating in Asymmetrical Amperes

ST10 CY 10 Cycle Short Time Short Circuit Rating

Int Time Nameplate Interrupting Time (Cycles)

Cont Part Time Contact Parting Time

X/R Ratio Calculated X/R Ratio of maximum fault Current

¥2 Cycle Sym (kA) (AC | This is the calculated maximum %z Cycle Symmetrical Short

Comp) Circuit value

% Cycle ASym (kA

This is the calculated maximum 7% Cycle Asymmetrical
Short Circuit value

| @ Cont Parting Time

Current at contact parting time

Tab 3 Page 6




SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

Field Name Field Description
Calc Int Value Calculated Interrupting Value
S# Scenario Number of the maximum fault current calculated

(If multiple cases are run, then there may be different case
or scenarios where the fault current is higher. For example
Scenario 1 — Normal Power, Scenario 2 — Emergency
Power

Type of Fault

This lists the type of fault that produced the maximum fault
current.

Equipment Underrated?
Int
Sym

If the field is blank, then the equipment interrupting is rated
properly for the available fault current. If the field is equal to
“Yes”, then the device is underrated and has too low of a
interrupting rating.

Equipment Underrated?
Int/

C+L

Asym

If the field is blank, then the equipment interrupting is rated
properly for the available fault current. If the field is equal to
“Yes”, then the device is underrated and has too low of an
asymmetrical interrupting or Close & Latch rating.

Equipment Underrated?
With
Asym

If the field is blank, then the equipment withstand is rated
properly for the available fault current. If the field is equal to
“Yes”, then the device is underrated and has too low of a
withstand rating.

Equipment Underrated?
ST
10 CY

If the field is blank, then the equipment withstand is rated
properly for the available fault current. If the field is equal to |
“Yes”, then the device is underrated and has too low of a 10
Cycle Short Time rating.

Tab 3 Page 7
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Grays Harbor PUD

P.O. Box 480

2720 Sumner Avenue

Aberdeen, WA 98520

(360) 532-4220

or {(200) BE62-7726

Fax - Engineeting: {360) B3R-6370
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Phone 253-639-8535 = Fax 263-639-8685 w 16127 SE 266th St, Covington, WA 98042

Date 7/29/2010
TO:!:
COMPANY: GHPUD
NAME: Wesley Gray
REG, PHONE #  360-538-6353
FAX PHONE #
Email Address wgray@ghpud.org
FROM:
NAME: Ann Holliday

REG. PHONE#  253-639-8535 Ext: 102
FAX PHONE # 253-639-8685
Email Address holliday@powerstudies.com

SUBJECT: Utility Information Data Sheet:
Site Address

Project / Facility Name:; SR 520 Pontoon
Address:

Please help us reduce your costs!
Providing your utility data will allow us to
1) Coordinate your customer's protective devices with your utility.
2) Reduce the need for you fo replace your customet’s fuses, reset relays, or reset
reclosers.
3) Provide better protection for your transformer.
4) Increase the safety at your customer’s facility.

Be a key player in keeping your customer’s project on schedule!
Your customer has asked us to perform this power system study. Without your data,
this study cannot be done. Providing us with your data will allow this project to stay on
schedule.

Your quick response will be rewarded!
Please complete this form and fax it back to our office. We appreciate your timely
response. In fact, if we receive your fax within 5 business days, we'll send you a
Starbucks gift certificate to show our appreciation!

Thank you!
Ann

NUMBER OF PAGES TO BE FAXED: COVER SHEET + 4 PAGES
THE ORGINALS _ WILL ~ WILL NOT BE SENT.
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Phone 253-539-8535 & Fax 253-635-8685 @ 16122 SE 266th ST, Covington, WA 98042

Job # 1001055 Project I Facility Name: SR 520 Pontoon

Instructions: Please fill out as much of the information as you can and fax back.

Fault Current Data (See attached NEMA Statement)
Fault Current Location (Check one) XIXFMR [JPole [Cother

MAXIMUM FAULT CURRENT
Type of Fault Volts Amps X/R Ratio
3-Phase 450 52755
Line to Ground 277 W
MINIMUM FAULT CURRENT
Type of Fault Volts Amps X/R Ratio
3-Phase AQ0 4106 7
Line to Ground 277 u
Closest Utility Protective Device
Device Location (Check one)  [WIXFMR [[Pole  [Other,
Fuse ‘
Manufacturer ~ COOPEL Type BAY -0 LT
Voltage V2405 /7200 Amps 140

Catalog# 4000353C1T  MigTcC# _R2to- 9\ -S5O

OR
Relay
Manuf. Type Cat. #
CT Ratio Tap Time Delay Instantaneous
Phase '
Ground

Conductor Data ~ If installed by utility,

Volts Number / Phase Size Copper/Alum Length
l Secondary |42 /277 7 756 MeM | QoPPLRL 3 k1.




Phope 253-639-8535 & Fax 263-539-B685 & 16122 SE 2

07/29/2010 106:30 FAX 3605386370

GH PUD ENGINEERING

Transformer Data (For Maximum Fault Contribution)

Type (Check One)

KVA 250606

[X]oil

[ 1Dry

Impedance_S . T

b .COM #s

66tk St, Covington, WA 98042

ood

[_Isilicone

Windin

Connection (Check one)

Volis

Delta

Wye Ungrnd

Wye Grnd

Primary

124 T6Y /7200

RS

Secondary

490% /217

X

Transformer Data (For Minimum Fault Contribution)

Type (Check One)

KVA 25060

B4oil

[IDry

Impedance_ 5. (

[Isilicone

Winding Connection (Check one)

Valts

Delta

Wye Ungmd

Primary

12470 ¢/ 7200

Wye Grnd
%

Secondary

436N [ 277

X

Comments:

THe.

aNLY

Fow. THis FroséeT /3

T Lerr THE
CERTIEI ¢
THE  OTHeZ

Se2iac

TRAGSEs@ M2 (of. Hade RiGHT NoLS

Ny &

031976023

THaMKS

X/R KRafio Blapik BuT ATTACH L
TEST REFPRTS  Fol THE UNiT lE HAd,

Tran Stel el 15 Ocd OR O,

PH«L 6£C/C/med
F66-538- 6377
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. MAY o2 2008 ABB Inc.
ok g%g% Certified Test Report Jefferson City, Missouri - USA

Distribution Transformers

Customer Name : WESCQ DISTRIBUTION INC

No Load Losses are reported at 100 Percent of rated voltage
No Load losses reported at 85 degree. C and toad logses at 85 degree €,

CUST PO |STOCK CODE| ABB ORDER | ABB ITEM

7883-053500 WD67480 001
iE . Low | WGH SERVICE
PHAS RERTZ KVA VOLTAGE | VOLTAGE |  STYLE
FT3EZ66234 3PH 60 2500 ABOYI 27T 12477%%5”‘” | pap
NO LOAD ] ] " ‘ ] '
SERIAL LOAD LOSS | TOTAL LOSS | IMPEDANCE | RESISTANCE | EXCITING INVOICE
NUMBER LOSS (WATTS) | (WATTS) i % | cuRReNT % | TESTDATE | SHIPDATE |\ jugeR
| watTs)
= | omvemsues | zeer | e7s | 17 570 | 089 025 | 04/0a/2008 | o4l07/2008 | 7601286
oBo17s2 | 2701 14,096 16.795 560 056 | 022 0S/06/2008 | 051412008 | 7603288
0BJ9BR1T4 2,763 14,182 16,956 564 0.57 026 J p2/202008 022202008 78598673
Average 2,761 14,347 17,108 5.68 0.57 | 0.24
‘Eg’;’ézg i 2737 14,184 16,921

1 Tatal Units

STYLE
1| F73E266234
‘ ‘ REGULATION . RESISTANCE EFFICIENCY
NSE&&LR REACTANCE | 100% 80% ”‘SOHH)’“‘;;-T L%VHX«%T 26% 50% 75% 100%
___,,__.,,,——_A._.._? 08596023 5,67 0.75 3.96 Q.80 Q.0007 99.4‘} 59,48 99.41 9%.30
08017152 5.86 a7 3.93 0.47 | 0.0006 | 99.44 w0 | 9k | e
08J963174 5.681 0.72 3.90 0.49 0.0007 59.42 99.50 99,43 ] 99.33
INSULATION TEST -APPLIED POTENTIAL TESTS
STYLE
FTAEZ66234
RATED VOLTS TEST VOLTS DURATION IN SECONDS
HLIC 12470 . 48000 P 80
LHIC 480 10000 £0

Rise of windings by resistance at 65 deg. C, guaranteed.
Filled to the proper level with nan-PCB MINERAL OfL that contajied less than 1-PPM PCB at time of manufacture.

Routine leak tests and polarity tests were performed and passed oh these units, Turns ratio for these units are within 0.5 percent of the nameplate voltages.

Unit Successfully Passed QC Impulse Test.

We Certify that the above information is a true report based on factoty tests made in accordance with the latest transformer test gode of ANSI/IEEE C67.12,90,
and that the above transformers withstood these tests.
AL RBoiel, [P

Igbal M Hussain, P.Eng
- Engineering Manager
Distributfon Transformers Division

StdReportTemplate GRAYS Page 1 of Page 1
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Project: 1001055

DAPPER Fault Analysis Input Report (English)

Utilities
Contribution Bus In/Out  Nominal —  ----umee Contribution Data -------- PU (100 MVA Base
From Name Name Service  Voltage Duty Units X/IR RPU XPU
UTIL-PUDA XFMR-UTILAP In 12,470 3P:1,000,000 Amps 5.00 Pos: 0.001  0.005
$LG:1,000,000 Amps 5.00 Zero: 0.001  0.005
UTIL-PUDB XFMR-UTILBP In 12,470 3P:1,000,000 Amps 5.00 Pos: 0.001  0.005
SLG:1,000,000 Amps 5.00 Zero: 0.001 0.005
Generators
Contribution Bus In/Out  Nominal -------- Contribution Data -------- PU (100 MVA Base)
From Name Name Service  Voltage p.cova X" XIR RPU X PU
GENERATOR-1 GEN-1 In 480 100.00 0.10 3.02 33.16 100.00
0.11 332 33.16  110.00
0.08 241 33.16 80.00
Motors
Contribution #of Bus In/Out Nominal --—n-mn Contribution Data -------- PU (100 MVA Base)
From Name Motors Name Service Voltage ..o kvaA Xd" XR RPU XPU
MTR-AIRCOMP 1 AIR-COMP In 480 14372 02405 9.00 17.076  153.685
MTR-CRANE1 1 CRANE-1 In 480 503.02 02004  9.00 4.065 36.589
MTR-CRANE2 1 CRANE-2 In 480 503.02 02004 5.00 4.065 36.589
MTR-CRANE3 1 CRANE-3 In 480 503.02 02004  9.00 4.065 36.589
MTR-CRANE4 CRANE-4 In 480 503.02 02004 9.00 4.065 36.589
MTRS-PNL-B4 1 PNL-B-4 In 480 90.79 02405 9.00 27.031 243279
MTRS-PNL-B7 1 PNL-B-7 In 480 2522 03347  5.00 135427 1,218.844
Cables
Cable From Bus InfOut  Qty Length - Cable Description ------ Per Unit (100 MVA Base)
Name To Bus Service /Ph Feet Size Cond. Type Duct Type Insul R pu Xpu
TO AIR-COMP PNL-A-3 In 1 150 4-0  Copper Non-Magnetic Pos: 43685 2.6693
AJR-COMP Zero: 8.1641 5.8984




Cable From Bus In/Out  Qty Length e Cable Description ------ Per Unit (100 MVA Base)
Name To Bus Service /Ph Feet Size Cond. Type Duct Type Insul R pu X pu
TO ATS-B-7 SWBD-B In 1 950 4-0  Copper Non-Magnetic Pos: 25.6055 16.9054
ATS-B-7 Zero: 51.7057 37.3568
TO ATS-B-7E GEN-1 In 1 10 3 Copper Magnetic Pos: 10872  0.2561
ATS-B-7 Zero: 13416  0.6688
TO CRANE-1 SWBD-A In 3 480 350 Copper Non-Magnetic Pos: 26389  2.7778
CRANE-1 Zero: 70625 5.2917
TO CRANE-2 SWBD-A In 3 480 350 Copper Non-Magnetic Pos: 26380  2.7778
CRANE-2 Zero: 70625 52917
TO CRANE-3 SWBD-B In 3 540 350 Copper Non-Magnetic Pos: 29688 3.1250
CRANE-3 Zero: 79453  5.9531
TO CRANE-4 SWBD-B In 3 540 350 Copper Non-Magnetic Pos: 29688  3.1250
CRANE-4 Zero: 79453 59531
TO DISC-100ABP  PNL-B-8 In 1 230 3 Copper Non-Magnetic Pos: 25.0065  4.6918
DISC-100ABP Zero: 30.8563 12.8177
TO DISC-800ABP SWBD-A In 3 230 300 Copper Non-Magnetic Pos: 1.4674 1.3643
DISC-800ABP Zero: 35871  2.7286
TO PNL-A-1 SWBD-A In 1 130 500 Copper Non-Magnetic Pos: 15291 22005
PNL-A-1 Zero: 51289  3.5942
TO PNL-A-1A XFMR-A1AS In 1 20 250 Copper Non-Magnetic Pos: 1.8090 1.4236
PNL-A-1A Zero: 40382 29792
TO PNL-A-1B XFMR-A1BS In 1 20 1-0  Copper Non-Magnetic Pos: 55566  2.0340
PNL-A-1B Zero: 86122  4.9926
TO PNL-A-2 SWBD-A In 1 310 500 Copper Non-Magnetic Pos: 36463  5.2474
PNL-A-2 Zero: 122305  8.5707
TO PNL-A-2A XFMR-A2AS In 1 20 250  Copper Non-Magnetic Pos:  1,8090 1.4236
PNL-A-2A Zero: 40382  2.9792
TO PNL-A-2B XFMR-A2BS In 1 20 1-0  Copper Non-Magnetic Pos: 55566  2.0340
PNL-A-2B Zero: 86122  4.9926
TO PNL-A-3 SWBD-A In 1 465 500 Copper Non-Magnetic Pos: 54694 78711
PNL-A-3 Zero: 183457 12.8561
TO PNL-A-3A XFMR-A3AS In 1 20 250  Copper Non-Magnetic Pos:  1.8090 1.4236
PNL-A-3A Zero: 40382  2.9792
TO PNL-A-4 SWBD-A In 1 460 250  Copper Non-Magnetic Pos: 10.4019 8.1858
PNL-A-4 Zero: 232196 17.1302
TO PNL-A-5 SWBD-A In 1 670 350 Copper Non-Magnetic Pos: 11.0503 11.6319
PNL-A-5 Zero: 29.5742  22.1589
TO PNL-A-6 SWBD-A In 1 880 3-0 Copper Non-Magnetic Pos: 294861 16.0417
PNL-A-6 Zero: 53,9306 37.7361
TO PNL-A-BLD XFMR-1AS In 1 5 2 Copper Magnetic Pos: 23160  0.6587
PNL-A-BLD Zero:  2.9805 1.6827
TO PNL-A-ILL SWBD-A In 1 10 4 Copper Magnetic Pos: 13481 0.2604
PNL-A-ILL Zero: 16211 0.7491




Cable From Bus InfOut  Qty Length -~ Cable Description ------ Per Unit (100 MVA Base)
Name To Bus Service /Ph Feet Size Cond. Type Duct Type Insul R pu X pu
TO PNL-B-1 SWBD-B In 1 200 250 Copper Non-Magnetic Pos: 45226 3.5590
PNL-B-1 Zero: 10,0955  7.4479
TO PNL-B-1A XFMR-B1AS In 1 20 250 Copper Non-Magnetic Pos:  1,8090 1.4236
PNL-B-1A Zero: 40382 29792
TO PNL-B-1B XFMR-B1BS In 1 20 1-0  Copper Non-Magnetic Pos: 55566  2.0340
PNL-B-1B Zero: 86122 49926
TO PNL-B-2 SWBD-B In 1 362 250  Copper Non-Magnetic Pos: 81859  6.4418
PNL-B-2 Zero: 18.2728  13.4807
TO PNL-B-2A XFMR-B2AS In 1 20 250 Copper Non-Magnetic Pos: 1.8090 1.4236
PNL-B-2A Zero: 40382 29792
TO PNL-B-2B XFMR-B2BS In 1 20 1-0  Copper Non-Magnetic Pos: 55566  2.0340
PNL-B-2B Zero: 86122  4.9926
TO PNL-B-3 SWBD-B In 1 560 500 Copper Non-Magnetic Pos: 6.5868  9.4792
PNL-B-3 Zero: 22,0938  15.4826
TO PNL-B-3A XFMR-B3AS In 1 20 250 Copper Non-Magnetic Pos: 1.8090 1.4236
PNL-B-3A Zero: 4.0382 29792
TO PNL-B-4 SWBD-B In 1 470 250  Copper Non-Magnetic Pos: 10.6280  8.3637
PNL-B-4 Zero: 237244 17.5026
TO PNL-B-5 SWBD-B In 1 350 250  Copper Non-Magnetic Pos: 79145 62283
PNL-B-5 Zero: 17,6671 13.0339
TO PNL-B-6 SWBD-B In 1 700 400 Copper Non-Magnetic Pos: 10.0260 12.1528
PNL-B-6 Zero: 29.5313  21.5712
TO PNL-B-7 ATS-B-7 In 1 10 3 Copper Magnetic Pos: 1.0872 0.2561
PNL-B-7 Zero: 13416  0.6688
TO PNL-B-8 SWBD-B In 1 250 500 Copper Non-Magnetic Pos: 29405 42318
PNL-B-8 Zero: 98633  6.9119
TO PNL-B-8A XFMR-B8AS In 1 20 300 Copper Non-Magnetic Pos:  1.5313 1.4236
PNL-B-8A Zero: 37431 2.8472
TO PNL-B-8B XFMR-B8BS In 1 110 250 Copper Non-Magnetic Pos: 99497  7.8299
PNL-B-8B Zero: 22,2101 16.3854
TO PNL-B-8C XFMR-B8AS In 1 250 2-0  Copper Non-Magnetic Pos: 434896  18.6632
PNL-B-8C Zero: 70,0521  46.1806
TO PNL-B-BLD XFMR-1BS In 1 5 2 Copper Magnetic Pos: 23160  0.6587
PNL-B-BLD Zero: 29805  1.6827
TO PNL-B-ILL SWBD-B In 1 10 4 Copper Magnetic Pos: 1.3481  0.2604
PNL-B-ILL Zero: 16211  0.7491
TOPNL-TRAIL1  XFMR-2BS In 3 10 300 Copper Magnetic Pos: 03475  0.3929
PNL-TRAILI Zero: (8306  0.7581
TOPNL-TRAIL2  XFMR-2BS In 3 10 300 Copper Magnetic Pos: 03475  0.3929
PNL-TRAIL2 Zero: (.8306  0.7581
TO SWBD-A XFMR-UTILAS In 10 50 600 Copper Non-Magnetic Pos: 0.0499  0.0846
SWBD-A Zero: (1882  0.1315




Cable From Bus InfOut Qty Length - Cable Description ------ Per Unit (100 MVA Base)
Name To Bus Service /Ph Feet Size Cond. Type Duct Type Insul R pu X pu
TO SWBD-B XFMR-UTILBS In 10 83 600 Copper Non-Magnetic Pos: 00829  0.1405
SWBD-B Zero: (3123  0.2183
TO XFMR-1AP SWBD-A In 1 5 6 Copper Magnetic Pos:  1.0653 0.1389
XFMR-1AP Zero: 12014  0.3908
TO XFMR-1BP SWBD-B In 1 5 6 Copper Magnetic Pos: 1.0653  0.1389
XFMR-1BP Zero: 12014 0.3908
TO XFMR-ATAP  PNL-A-1 In 1 15 1-0  Copper Non-Magnetic Pos: 0.7826  0.2865
XFMR-ATAP Zero: 12129  0.7031
TO XFMR-A1BP PNL-A-1 In 1 15 4 Copper Non-Magnetic Pos: 20221 0.3125
XFMR-A1BP Zero: 24316  0.9362
TO XFMR-A2AP  PNL-A-2 In 1 15 1-0  Copper Non-Magnetic Pos: 07826  0.2865
XFMR-A2AP Zero: 12129  0.7031
TO XFMR-A2BP  PNL-A-2 In 1 15 4 Copper Non-Magnetic Pos:  2.0221 0.3125
XFMR-A2BP Zero: 24316  0.9362
TO XFMR-A3AP  PNL-A-3 In 1 15 1-0  Copper Non-Magnetic Pos: 07826  0.2865
XFMR-A3AP Zero: 12129 0.7031
TO XFMR-B1AP PNL-B-1 In 1 15 1-0  Copper Non-Magnetic Pos: 07826  0.2865
XFMR-B1AP Zero: 12129  0.7031
TO XFMR-BIBP  PNL-B-1 In 1 15 4 Copper Non-Magnetic Pos:  2.0221 0.3125
XFMR-B1BP Zero: 24316  0.9362
TO XFMR-B2AP  PNL-B-2 In 1 15 1-0  Copper Non-Magnetic Pos: 0.7826  0.2865
XFMR-B2AP Zero: 12129  0.7031
TO XFMR-B2BP  PNL-B-2 In 1 15 4 Copper Non-Magnetic Pos: 20221 03125
XFMR-B2BP Zero: 24316  0.9362
TO XFMR-B3AP  PNL-B-3 In 1 15 1-0  Copper Non-Magnetic Pos: 07826  0.2865
XFMR-B3AP Zero: 12129  0.7031
TO XFMR-BSAP  PNL-B-8 In 1 480 350 Copper Non-Magnetic Pos: 79167  8.3333
XFMR-BSAP Zero: 21.1875 15.8750
TO XFMR-B8BP PNL-B-8 In 1 30 1-0  Copper Non-Magnetic Pos: 15651 0.5729
XFMR-B8BP Zero: 24258 14063
TO XFMR-TRAILF SWBD-B In 2 10 350  Copper Non-Magnetic Pos: 0.0825  0.0868
XFMR-2BP Zero:  (0.2207  0.1654
2-Winding Transformers
Xformer InfOut e Primary & Secondary--------s- Nominal Z PU (100 MVA Base)
Name Service Bus Conn. Volts FLA kVA R pu Xpu
XFMR-1A In XFMR-1AP D 480 36 30.0 Pos: 149.9100  111.2233
XFMR-1AS WG 208 83 Zero: 1499100  111.2233
XFMR-1B In XFMR-1BP D 480 36 30.0 Pos: 149.9100  111.2233
XFMR-1BS WG 208 83 Zero: 1499100  111.2233




Xformer InfOut e Primary & Secondary--------------- Nominal ZPU (100 MIVA Base)
Name Service  pys Conn. Volts FLA kVA R pu X pu
XFMR-2B In XFMR-2BP D 480 601 500.0 Pos: 1.7634 9.6400
XFMR-2BS WG 208 1,388 Zero.  1.7634 9.6400
XFMR-A1A In XFMR-A1AP D 480 60 50.0 Pos:  54.0000 50.0000
XFMR-A1AS WG 240 120 Zero:  54.0000 50.0000
XFMR-A1B In XFMR-A1BP D 480 54 45.0 Pos:  60.0000 55.5556
XFMR-A1BS WG 208 125 Zero:  60.0000 55.5556
XFMR-A2A In XFMR-A2AP D 480 60 50.0 Pos:  54.0000 50.0000
XFMR-A2AS WG 240 120 Zero:  54.0000 50.0000
XFMR-A2B In XFMR-A2BP D 480 54 45.0 Pos:  60.0000 555556
XFMR-A2BS WG 208 125 Zero:  60.0000 55.5556
XFMR-A3A In XFMR-A3AP D 480 60 50.0 Pos:  54.0000 50.0000
XFMR-A3AS WG 240 120 Zero:  54.0000 50.0000
XFMR-BI1A In XFMR-B1AP D 480 60 50.0 Pos:  54.0000 50.0000
XFMR-B1AS WG 240 120 Zero:  54.0000 50.0000
XFMR-B1B In XFMR-BIBP D 480 54 45.0 Pos:  60.0000 55.5556
XFMR-BIBS WG 208 125 Zero:  60.0000 55.5556
XFMR-B2A In XFMR-B2AP D 480 60 50.0 Pos:  54.0000 50.0000
XFMR-B2AS WG 240 120 Zero:  54.0000 50.0000
XFMR-B2B In XFMR-B2BP D 480 54 45.0 Pos:  60.0000 55.5556
XFMR-B2BS wG 208 125 Zero:  60.0000 55,5556
XFMR-B3A In XFMR-B3AP D 480 60 50.0 Pos:  54.0000 50.0000
XFMR-B3AS WG 240 120 Zero:  54.0000 50.0000
XFMR-BSA In XFMR-BSAP D 480 90 75.0 Pos:  40.0000 44.0000
XFMR-B8AS WG 240 180 Zero:  40.0000 44.0000
XFMR-BSB In XFMR-B8BP D 480 60 50.0 Pos:  54.0000 50.0000
XFMR-B8BS WG 240 120 Zero:  54.0000 50.0000
XFMR-UTILA In XFMR-UTILAP WG 12,470 116 2,500.0 Pos: 0.2828 22624
XFMR-UTILAS WG 480 3,007 Zero: 02828 22624
XFMR-UTILB In XFMR-UTILBP WG 12,470 116 2,500.0 Pos: 0.2828 22624
XFMR-UTILBS WG 480 3,007 Zero: 0.2828 22624




958°6T 9$8°ST 9$8°6T LSSLT 51 88'S 0€T°1T ¥E€T 0$°1T 96875 08t 1-V-INd
0 0 0 0 00°00¢ 000 0 000 000 0 08¥ [-NED
T60°1¢€ 760°1¢€ T60°1€ 667°TE SS'1 91'L 9¥8°ST $6'1 $8'ST T60°1E 08+ ~ ddav008-OSId
196°¢ 196°¢ 196°¢ 196°¢ S¥0 €670 €9€°C 6€0 67°€ 196°¢ 08¥ dgvo01-0O81d
166°1C 166°1¢C 166°1C 19L°CC 191 €6y 86L°L1 88’1 87’81 166°1T 084 PANVID
166°1C 166°1¢C 166°1C 19L°7C 191 €6 86L°LT 881 87’81 166°1C 08% €-ANVIO
078°¢T 078°¢T 078°¢T 01L%T 791 LES TLE'6] 61 0861 078°cT 084 THNVID
078°€T 0T8°cT 078°¢T 01L¥T 79°1 LE'S TLE'6] 761 08'61 0T8°¢T 08¥ [-ANVED
LEL'E LEL'E LEL'E 8EL°C SLO LLO 8LLT €L°0 11°¢ LELE 08¥ L-g-81V
YEOS 7E0°8 PE0°S L11°8 LUl 89'1 €L0°9 8¢ 89°9 7£0°8 08 dNODYIY
sapho g sephos  sephoe sdwy )¢ VAN sdwy /X VAN sdwy abeyon sweN sng
........ sdwy WASY ggm-m---- wopy 91s 9IS 918 de aseyd-¢ aseyd-¢ sng uojeso yneg
soX HIYg eseyd JeuLiogx

ww_o>0 00y aulll jejusung jined E>w< S9A n_m.._. Jaulojsueld ]

(Amoo( pue 198170 DI PIM) SINY [BOLIQUWIAS Y uolefnajes Jualng jne oA uonngqiiuod 10joN

sepnuenb aseyd wodsy sousnbag 10 aseyd ON  punoig o} aulq o) aur

JneJ Woi youerq 1SIL] sjuaLINg youeig ON Jine4 aul 0} aul]

jneJ woij sng 18I, sobejjoA sng SO punous) o) aur sjbuig

sosng [V sng psajne4 SSA lined sseyd av4yl

sBuIpag Apnig 1nalio Moy aalsuayasdwon

Moday jine4 padsuejequn ¥3ddvd

NO siojol - Aunn
§501001 :309loid



(4

95T 95T 9S°T 6¥S°T 760 ¥£0 68%°C 760 901 ST ove as8-g-INd
800°€ 800°¢ 800°¢ 020°c AR S¥0 T ¥1'L STl 800°t (144 V-9~ INd
9LL9T 9LL°91 9LL91 1EV°LT 671 19°¢ [€0°CT S6'1 S6EL 9LL°91 08y 8-g~INd
129°¢ 129°¢ 129°¢ TT9°¢ €L'0 SLO YOLT IL0 10°¢ 179°¢ 08¥ L-g-INd
718°9 T18%9 TI18°9 £88°9 €01 LET St6' v 8¢l 99°G 7189 08¥ 9-d-INd
€ET0L €701 €ET01 ¥$T01 60 0T £P9°L 701 IS8 ££701 08¥ S-g~INd
0Z6°L 0T6°L 0T6°L TE6L 880 91 868°C 960 859 0Z6°L 08¥ -d-INd
789°C 789°C 89°C L89°C L60 6£°0 86L°C 00'1 111 89T ore VE-d-INd
068°8 068°8 0688 6606 (AN w1 6L5°9 89'1 6€L 068°8 08¥ £-g-INd
LYLT LYLT LYLT 6VLT 88°0 y€0 9€8°C L8O 660 LYLT 80T qa¢-9-INd
11L°T 11L°C T1LT PILT 60 6£°0 818°C €60 €1l 11L°T ove VZ-9-INd
£76°6 €466 £76°6 £96°6 760 90T LIYL 10'1 LTS £r6%6 08¥ T-d-INd
6L8°C 6L8°C 6L8°C 788°C 88°0 SE0 676C 880 #0'1 6L8°C 80T g1-g-INd
198°C 1987 198°C $98°C £6°0 170 ¥26°C €60 611 198°C ove VI-9-INd
$50°91 750°91 #5091 0€1°91 Y01 e ¥1ETT 811 SEET $S0°91 08¥ 1-d-INd
SSOTY SSO°TY SSOTY 155°2¥ 1 08701 786°8€ w1 96'v¢ $SOTY 08¥ TT-V-INd
IS¥°1 1$¥°1 16%°1 1571 ¥LO L1°0 ¥SP1 ¥LO 750 1S¥°T 80T aT1da-v-INd
0St'E 0S¥°¢ 0st'e 0S¥°e L9°0 €L0 ¥€9°C 190 18T 0S¥°¢ 08y 9-V-INd
8GL°9 86L9 8GL°9 S6L9 860 Se'l L88Y 171 9 85L°9 08¥ S-V~INd
TI1'8 41 TI'g €TI8 88°0 99'L €009 96°0 vL9 T 8% -V-INd
S9LT SOLT S9LT 0LLT L60 0r'0 868°C 6670 ST'T S9LT ove VE-V-INd
060°11 060°11 060°T1 1711 0€'1 €€T 9018 €81 (A 060°TT 08¥ £-V-INd
L98°T L98°C L98°C 0L8°T 06°0 SE0 126°C 1670 €0'T L98°T 80T 47-v-TINd
SY8°T SH8°T SH8°T 678°C S6°0 0’0 ¥16°C 86°0 811 SY8°T Wig4 VZ-V-INd
LSEH1 LSY YT LSt p1 3€6 41 €Tl 90°¢ 9S0°T1 98'1 00Tl LSYYT 08¥ T-V-INd
6L6T 6L6°C 6L6T 186°C 68°0 9¢0 L66T 060 LO'T 6L6C 80C d1-v-"INd
€L6°T €L6°T €L6°C LLG6T $6°0 o 700°¢ 960 YTl €L6°T [tigd VI-V-INd

soppho g  saphos s9pfoe sdwy wiX VAN sdwy e VAN sdwy abejon awep sng

........ sdwy wAsy dg------ wop 918 918 o918 de aseyd-¢ aseyd-¢ sng uopeso yned




[91°¢T 191°¢1 191°¢1 ILTET 80 $8'C 8L2°01 880 ¥6°01 I91°¢T 08% dI1d-INIX
176°C 1967C 76T 96T €60 o £40°c 760 Tl 176 0¥C SYII-YALIX
619%1 61971 61971 8591 L60 1Te LI1TTT 90’1 ST°ZI 619%1 08t AVIE-INAX
0r8°C 0v8°C 0v8°C SH8°T L60 §740] 0L6T 001 8T'T 0v8T 0ve SYEV-INIX
LY 0T LY 01 LY 01 $69°01 [4a! 61'C ¥06°L ¥9'L IL'8 LY 01 08y dVEV-INIX
8€0°¢ 8€0°C 8E0°¢ £40°¢ S6°0 8¢°0 6v1°E 96°0 601 8€0°¢ 80T SETY-INIX
01¥°CI 01¥7T1 01¥°TI 105°T1 001 79¢ 09%°6 8T'1 7801 0121 08% dATY-INAX
¥T6°T ¥76°C ¥T6°C 6T6°C 96°0 o 1£0°€ 86°0 Tl ¥76°C ove SYTV-INAX
FTrEl Yer'el yTrer 169°¢T $1'1 44 T61°01 191 91’11 Py el 08t dVTV-INIX
¥91°¢ $91°¢ 91°¢ 891°¢ 760 6€°0 8ETE 760 P11 $o1°¢ 80T SHIV-MALIX
7LO0T $L0°0T $L0°0T LLT0T 101 8¥'¥ 18191 611 6991 $LO0OT 08y da1V-INIX
090°¢ 090°¢ 090°¢ $90°¢ $6°0 €¥0 9CIe 96°0 LTT 090°¢ 0vT SYIV-INAX
SL8TT $L8°TT $L8°TT £6%°€T 0€'1 60°S 69¢°81 SLT T0°61 SL8°TT 08¥ AV IV-INAX
£66°7T £66°7C S10°tT 69€°6T 9's $6'T TESHT S¥'s 87’8 £66CT 80T SHT-INIX
$€6°TS ¥€6°CS 786°CS 0TF'LY o€y 0TI wels 8€'S 104 yE6°TS 08% dIT-INIX
L9Y'T L9V'T L9%°1 89%°1 SL'O 81°0 VLY SLO €50 LOVT 80T SHI-INIX
988y 9887 988 ¥ 6£8°SY 85’1 oL’ 11 8EV Y ¥9'1 TELE 988" 087 dE1-INIX
89%°1 89%°T 39%°1 89%°1 SL'O 81°0 PLYT SLO €50 89%°1 807 SY1-INIX
viTor PITOY Y1T°9% 91°LY 651 81°ZI 096°cy 91 '8€ yIT9Y 08y AVI-INIX
96€°6S 65€°6S L16°6S SyeeL 6E°S 80°¢1 9TFHS S¥'9 T0°9% 95¢°5S 08% a-aams
TEELS 8ECLS €LS°LS TO0°LL 909 IL°ST $89°9¢ 689 99°L¥ TEE'LS 08¥ V-adms
€91°7T £91°CT TLITT 8LSLT LSV 08'C L8TET 98°% 86'L £91°CT 80T TIVIL "IN
£91°CC £91°CT TLITT 8LS°LT LSV 08'C L8T€T 98y 86'L £91°7C 80T TTIVIL-IND
796°01 796°01 ¥96°0% 0LV T¥ 11! LY01 08L°LE £V I 90°F€ 9601 08 TI-9-INd
0S¥l 0St'1 0S¥l 1S+1 PLO LT°0 PS¥°1 vLO 750 0St'1 807 aTg-g-INd
L96°1 L96°1 L96°1 896°1 80 9T°0 998°1 80 780 L96°T ove D8-g-INd
sahog  sepfos  sepfoe sdwy WX VAN sdwy WX VAN sdwy abejop aweN sng

e SAWY WASY G- wopy 918 918 91s d¢ sseyd-¢ aseyd-¢ sng uonesoT }neq




095°8¢$ 9L5°8S 786°8S S6T08 LY'L L1°91 85¢°8S S9'L 6981 095°8S 08Y SETLLNINAX
SOT000°T  80T°000°T  9EL°000°1 676°2ST1 00'¢ 66°00T°L 661°000°T 00°S 01°€09°1C S0T°000°1 0LY'TT dITLLO-INIX
00€°6S 91£°6S SEL6S T6EI8 6L 8€91 S01°6S L9'L 0€°6¥ 00£°6S 08t SYTLLN-NAX
8TT000°T  1€T°000°T  6SL000°1 186775T°1 00'S 91'10T°L TTT000°] 00'S 65°€09°1T 8TT000°T 0LY Tl dVIILO-INIX
866°C 8E6°C 8£6°C e'T S6°0 wWo 170°¢ L60 Tl 8€6°T l0ig4 S INAX
10T1 10741 10T%1 6LEFT 60'1 10°€ 858°01 Al 18711 102°%1 08% dE8INIX
880°¢ 880°¢ 880°¢ 101°¢ AN 950 £5¢°e S1'1 8T'1 880°¢ (144 SV8a-INIX
LOS9 L0S9 LOS9 7959 101 0¢1 LOL Y €1 s L0S'9 08% dV8dNAX
T6LT TSLT TSLT LSLT 86°0 oo 906°C 001 ¥1'L TSLT 0re SVEd-dNIX
6LY°8 6LY8 6LY°8 ¥79°8 80T €L1 8679 SS'l SO'L 6L¥°8 08y dVed-INIX
S06°C S06C S06°T 806°C W60 LED 750°¢ 160 SO'T S06°T 80T SATd-INIX
81L°8 81L°8 3IL°8 £TL'8 180 €8'1 7199 #8°0 STL 81L°8 08y JATd-INIX
€8L°T €8L°C €8L°T 98L°C €60 170 826°C €60 91’1 €8LT ove SYTE-INAX
95¢£°6 95¢€%6 95€°6 69¢°6 880 ¥6'1 L66°9 $6°0 8L°L 95£%6 08 AVZa-INIX
£50°¢ £50°¢ £50°¢ LSOE 60 80 651°¢ 60 o'l £50°€ 80T SHIg-INAX

sephn g sopPADS s819AD ¢ sdwy WX VAW sdwy X VAN sdury abejjon sweN sng

weeeeeee AU WASY fgoremmmm- wop 918 918 918 dg aseyd-g aseyd-¢ sng uoyeao jine4




SSYvT SSYYT SSYvT 8ST°9T 791 ¥9°'S SEE°0T T £€°0T SSYVT 08 1-V~INd
0 0 0 0 00°00C 000 0 000 000 0 08% -NAD
8T1°6T 8T1°6C 8TI°6C £87°0¢ 791 089 6TSHT 90°C TTT 8CI°6T 08¥y dgv008-081d
¥r6°E 76°¢ r6°E ¥6°e 9%°0 £6°0 67€°C 0o 8Tt yre'e 08¥ dgvo001-051d
61981 61981 619°81 9€0°61 8T'1 Y0y 68571 991 3y'sy 61981 081 7-HNVID
619°81 619°81 619°81 9¢0°61 871 40074 6851 991 8l 61981 08¥% E-HNVID
687°0T 687°0C 687°0C $18°0T 1231 SYy 9L0°91 eL'1 L891 687°0C 08% THNVID
682°0¢ 68T°0C 68C°0C 180T (221 sty 9L0°91 Lt L3891 687°0C 08%y [-ANVYED
91L°¢ 91LE 9ILE LILE SLO LLO 99LT YL 60°€ 9IL€ 08% L-g-S1V
STEL STE'L STEL 9LE'L 660 05t 7IF'S LT1 609 STEL 08% dNOD-dIV
sopky g sephog saphy ¢ sduy WX VAN sdwy WX YA sduy abeyon auieN sng
........ sduly wAsy dg-—--—-- wop 978 91S 518 de sseig-¢ aseyd-¢ sng uonedso Jne4
EEIN HYg eseuyd 1oWIofX

CETRYNS) 00t awltf Je Juaung )ned wAisy SOR de] Jownojsues)

(Leos( pue 108770 D WIM) SITY [POLIOWWAS Y uoye|najeg Juaung Jney LN uonnqLuoY 10j0N

sennuenb aseyd poday aauenbog 10 eseyd ON  punous o} surq o} aur]

Jneyq wol yourlg 1S, sjualIng youeig ON }ne4 aulq 03 aulq

J[0e,] WoL sng IS sabejjop sng SO punolg o0} auj a|bulg

sosn{ 1V sng pejjned SOA Jneq sseyd as4yl

sBumag Apmg }naii) Hoysg aaisuayaidwos

poday jine4 pasuejequn ¥3ddva

440 siojoly - ftnn
S50L001 :309loid



C

01494 0vsT 0vs°C 75T 60 ¥E0 S8Y°T S6°0 90'1 oS V¢ g8-a-INd
000°¢ 000°€ 000°¢ 710°¢ AR S0 SITE ¥I'T STl 000°¢ 0¥T v8-g-INd
91291 91Z°91 91791 11691 cel 453 €ILTI 10T 8¥'€l 91291 08¥ 8-d-INd
T09°¢ T09°¢ 709°¢ £09°¢ $L°0 SLO £69°C L0 66'C 709°¢ 087 L-g-INd
¥TL'9 PTL9 ¥TL9 66L°9 ¥0'1 9¢'1 1067 Al 65'S L9 08¥ 9-g-INd
£50°01 £50°01 £50°0T LLO'0L $6°0 60T L #0'1 9¢'8 £50°01 08¥ S-d-INd
ST8°L STI8°L S18°L 8T8°L 060 191 108°S 86°0 059 SI8°L 08¥ P-g-INd
9L9°T 919 9L9°C 1897 L60 6€°0 Y6LT 001 Il 9L9°C 0¥z Ve-g-INd
YEL'S YEL'S $€L°8 £56°8 P1°1 081 00s°9 L1 9TL FEL'S 08¥ £-g-INd
1vL°T IvLT 1WLT YWLT 88°0 €0 €8T 88°0 660 VLT 30T 4z-9-INd
SOLT SOLT SOL'T 80L°C 760 6€°0 v18°C €60 4N SOLT 0ve V-9 INd
YLL'6 PLL'6 YLL'6 96L°6 670 £0'C ¥TEL €0'1 €18 YLL'G 08y 7-9-INd
¥L8°C 78T ¥18°C 9L8°C 88°0 SE0 ST6'C 380 $0'1 ¥18°C 80T a1-9-INd
¥$8°C ¥$8° ¥$8°C L58°T €60 0¥ 0 06T ¥6°0 611 758 ove V1-g-INd
£65°61 £65°61 £65°61 £89°61 L0 ¥€'€ LYOTI Tl 96°C1 £65°GT 08y 1-d-INd
61L8€ 61L°8€ 61L°8¢ 06£°6€ €51 10701 111°9¢ S 61°C€ 61L°8¢ 08y TII-V-INd
ed! 67°1 6¥°1 0S¥°1 ¥LO L10 €SHT PLO 750 6¥¥°1 80T a1g-v-INd
cev'e CEPE EEYE gEv'e L9°0 €L°0 €79°C 790 S8 CEPE 08t 9-V-INd
1L9°9 199 1L99 TIL9 660 ¥e'T 778Y €71 $S°S 1099 08¥ S-V-"INd
966°L 966°L 966°L 6008 060 S9'1 6's 860 S99 966°L 08¥ $-V-INd
9ELT 9¢L°T 9€L°T IvLT L6°0 60 LE8T 660 ¥1°1 9ELT 0¥z VE-V-INd
TET01 T€T°01 €701 815°01 L1 €1'C £69°L 9L'1 158 €01 08% £-V-INd
198°C 198°C 198°C ¥98°C 060 SE0 L16T 60 €01 198°C 80T a7-v-INd
8£8°C 3€8°C 8€8°C TH8°T 960 0’0 606°T 86°0 8I'L 8€8°C ove VZ-V-INd
TT0'v1 2071 0l SESYL LTl 00°¢ €T8°01 161 9911 Y1 08% TV-INd
TL6'T 6T 6T SL6T 68°0 9€°0 66T 060 LO'] 6T 80T q1-v~INd
$96°C $96°C $96°T 696T S6°0 o L66°T 960 €Tl $96°C 0¥T V1-V-INd

sophog  sephos  seRAoE sdury X VAN sdury X VAN sdwy abejlon sweN sng

........ sdwy whsy dg------ wiow 9718 918 918 de aseld-¢ aseyd-¢ sng uoneao yney




188°CI 188°C1 188°C1 7681 L8O 08C 901°01 160 1L°01 188°Z1 08¥ dd1g-INIX
€E6'C £E6°C €E6°T LE6T ¥6°0 o LEO'E 760 Tl £€6°C 1174 SYIg-INAX
Rad! 8T YL YT Y1 96TV1 00'1 So'€ 000°T1 or't S8'T1 8¥Tyl 08% dVI9-4NAX
608°C 608°C 608°C S18°C 860 170 86T 001 LT'T 608°C 0¥z SYEV-INIX
8696 8696 8696 988°6 I 10T 192°L 091 90'8 869°6 08% dVEVINIX
1€0°€ 1£0°¢ 1£0°¢ 9¢0°c $6°0 8€°0 12443 960 60'1 1€0°€ 80T SATY-YNIX
Al al (48841 Al kAt S1T71 01 85T 00£°6 (41 LO01 TITL 08y ddTV-INIX
916°C 916C 916°C 1267 L60 w0 $T0°c 660 171 916C (444 SYTV-INIX
LSO°€ET LSO°ET LSOE1 LyEET LUT LLT 866°6 99'1 98°01 LSOET 08Y dVTV-INIX
LSTE LSTE LSTE 191°¢ ¥6°0 6£°0 TeTEC S6°0 yI'T LSTE 807 SIV-INIX
12e'61 12€°61 12¢°61 8P 6l SOl 9¢y 91LST ST1 90°91 12€'61 08y dTY-INIX
1S0°¢ [S0°€ 150°¢ 950°¢ $6'0 €50 121 L60 LT 150°¢ 0¥ SYIV-YAAX
TI8°1¢ TI8°1T TI8°1T #0$°TT se'1 16 TTLLT €8'1 €181 TI8°1T 08y AV IV-YAIX
$0$°ZT $0S°TT LTSTT $8L°8T 8% 06'C 6ST19T 84S 118 $0$°7T 80T SET-INAX
19%'LY 19%°Ly YIS°LY 81809 S84 LLTT 060°9% S 9v'6€ I9%°LY 08% dI-INIX
99%°1 99%°1 99%°1 99%°1 SLO 81°0 €LY 1 SLO €50 99%°1 807 SEI-YNIX
LUV VLI T YLI1Y 65E°Ty L1 £8°01 L80°6€ 8L'T €TYE PLITY 08y JIT-INIX
99%°1 99%°1 99%°1 L9¥T SLO 810 €LY 1 SLO £5°0 99%°1 30T SVI-dNIX
801°CH 801°Cy 801°7Y STEEH VLT SUIT 1870 8L1 10°s¢ 801°C¥ 08% dVI-IANAX
£6€£°6¥ L6E°6Y 755°6% 789°69 6¥'S 8¢l 0£9°81 LS9 90'I¥ £6£°61 08y g-aams
9°0S 6¥9°0S 788°0S £7€°89 €9 06°€T 0L1°0S SOL 01Ty T9°08 08% V-agms
60L°1C 60L°TT 61L°1T 190°LT 09'% 9LT 1S6°CC 68¥ WL 60L1T 80T THVILING
60L°1T 60L°1T 61L°TC 190°LT 09y 9L'T 1$6°C¢C 68°% 8L 60L°1T 80C TTIVII-INd
LT6LE LTELE LTGLE 065°8¢ 751 ¥L'6 091°5¢ 95'1 £5°1¢ LT6'LE 08% TI-9-INd
641 6v¥°1 64°1 6¥¥°1 $L°0 L170 £SH°1 ¥LO (40] 61 80T a1g-9-INd
¥96°1 ¥96°1 $96°1 $96°1 780 970 $98°1 780 780 ¥96°1 ove 08-d-INd
sapphng  sepPhng s91940 € sdury ux YA sdwy WX VAN sduy abeyon slwieN sng

........ sdwy wAsy dg----—-- wop LR 918 9IS de aseud-¢ aseyd-¢ sng uopesoT }ney




8%9°CS 899°TS 911°eS 18L°TL 66'L 6571 849°CS 66'L LL'EY 849 08¥ SHTILAINIX
000°000°T  #00°000°T  1£$°000°1 $89°TST1 00'S 95" 661°L 000°000°T 00'S L9°865°1C 000°000°1 0LV ZT dETILA-YAIX
8Y9°CS 899°TS 911°€S 18L°CL 66'L 65¥1 8%9°CS 66'L LL'SY 849°CS 08% SYTLLN-YNIX
000°000°T  #00°000°T  1€S°000°T $89°7ST'T 00'S 95'661°L 000°000°1 00°S L9°865°1T 000°000°1 0LYT1 dVTLLO-INAX
0£6°C 0£6C 0£6°C SE6T 96°0 o SE0°e L6°0 [eA! 0€6°C ove SA8g-INIX
0C8°€l 0z8°¢1 0T8°¢1 9101 33! S6'C 84901 8Y'1 6v'11 0T8°¢1 087 dd8d-dNIX
080°¢ 080°¢ 080°¢ £60°¢ P11 90 ove’e ST'1 8T'1 080°¢ V44 SY8-INIX
8TY9 8TF9 8TF9 98%9 70'1 6T'1 899 €el ¥E'S 8T¥9 08¥ dV8d-dNAX
LT 9YLT 9PLT 1SLT 860 0t'0 106°C 10'1 40! 9hLT (V744 SYEE-INIX
6€€°8 6E€°8 6€€°8 w618 60°1 L1 8810 LS'T £6'9 6€€°8 08¥ dVeddINIX
668°C 668°C 668°C 06T 60 LEO LY0°E 760 P01 668°C 80T ST YNIX
L65°8 L65°8 L6S°8 €098 £8°0 181 Ts9 1870 ST'L L6S°8 08Y Jdzd-INIX
9LLT 9LLT 9LLT 08L°T €60 %0 €76°C €60 SIT 9LLT vz SVZI-INAX
6076 607°6 607°6 s 060 61 9169 86°0 99°L 60T°6 08¥ dVTd-INAX
LY0'E LY0E L0°E 050°¢ 60 8€°0 ySI°e 60 o1l LY0°E 80T SETIINIX

so[9AD g s9PAgs S9[2AD € sdwy MIX YA sdwy HIX VAR sdury abeyjon aweN sng

........ Ay WASY dg----m--- wop 918 978 918 de aseyd-g aseld-g sng uoyeo0T ey




0 0 0 0 00°00¢ 000 0 000 000 0 0+ VI-V-INd
0 0 0 0 00°00C 000 0 000 000 0 08% 1-V-INd
(4401 Wil Wil 9LTT 6T €670 LLTT 0 $6°0 Wil 08+ I-NHAD
0 0 0 0 00°00C 000 0 000 000 0 08% ddv008-0s1a
0 0 0 0 00°00¢ 000 0 000 000 0 08% ddv001-0SId
0 0 0 0 00°00C 000 0 000 000 0 08¥ P-ANVID
0 0 0 0 00°00C 000 0 000 000 0 08¥ €-ANVID
0 0 0 0 00°00C 00°0 0 000 000 0 08% CTHNVID
0 0 0 0 00°00¢ 000 0 000 000 0 08% [-ANVED
SETT SET’T Sel’l 1921 £8°C z€0 891°T €6'C ¥6°0 SETT 08¥ L-g-S1Y
sephog  sephos  saphoe sdury X VAW sduy X VAW sdwy abeyop awen sng
........ sdwy WASY dg----—--- Wop 918 218 918 de aseyd-g aseyd-¢ sng uoneso yned
SOA HUS 9seyd tsuuoyx

ETRT N 00t o] je jualing yneqd wAsy SOX de) Jowliojsues)

(Aeoa(] pue Josgyo D M) SIATY [EOTHOUNIASY uope|n3[ED UBLIND JINe S9K uonNqLIUY J0JoN

sonnuenb aseyd oday aouenbag 10 aseyd ON punoig o} aui o} auln

neq wol yoduerd 181y sjua.LIng youeig ON Jned auj o} aul

Jneg woi sng ISI sobe)joA sng SOK punous o} auiq a|bulg

sesng( [V sng payned EEIN Jineg aseyd saiyl

sbumag Apng UNaJ1D Moys aaisuaysidwon

Moday jne4 pasuejequn ¥3ddva

lojesauss
g501001 :303loid



0 0 0 0 00°00C 000 0 000 000 0 0¥T 28-d-INd
0 0 0 0 00°00C 000 0 000 000 0 0¥T 48-9-"INd
0 0 0 0 00°00C 000 0 000 000 0 0¥T V8-g-INd
0 0 0 0 00°00C 00°0 0 000 000 0 08¥ $-4-INd
621°1 6TI1°1 6T1°1 LYT1 SLT €0 091°1 ¥8'C ¥6°0 671°1 08% L-g-INd
0 0 0 0 00°00¢ 000 0 000 000 0 08y 9-d-"INd
0 0 0 0 00°00C 000 0 000 00°0 0 08% G-~ INd
0 0 0 0 00°00C 000 0 000 000 0 08¥ - INd
0 0 0 0 00°00C 000 0 000 000 0 0rT ve-g9-INd
0 0 0 0 00°00C 000 0 000 00°0 0 08¥ €-d-"INd
0 0 0 0 00°00C 000 0 000 000 0 30T 97-9-INd
0 0 0 0 00°00C 000 0 000 000 0 0¥T V-9 INd
0 0 0 0 00°00C 000 0 000 000 0 08+ T4 INd
0 0 0 0 00°00C 00°0 0 000 000 0 80T g1-9-INd
0 0 0 0 00°00¢ 000 0 000 000 0 0%T V1-g-INd
0 0 0 0 00°00C 000 0 000 000 0 08y 1-g-INd
0 0 0 0 00°00C 000 0 000 00°0 0 08¥ TI-V-INd
0 0 0 0 00°00C 00°0 0 000 000 0 80T aTd-v-INd
0 0 0 0 00°00C 000 0 000 000 0 08¥ 9-¥~INd
0 0 0 0 00°00C 00°0 0 000 000 0 08y S-V-INd
0 0 0 0 00°00C 000 0 000 000 0 08¥ -V~INd
0 0 0 0 00°00C 000 0 000 000 0 (144 Ve-V-INd
0 0 0 0 00°00C 000 0 000 000 0 08t €-V-INd
0 0 0 0 00°00C 000 0 000 0070 0 30T q7-V-INd
0 0 0 0 00°00C 000 0 000 000 0 0rT VZ-V-INd
0 0 0 0 00°00C 000 0 000 000 0 08% TV-INd
0 0 0 0 00°00C 000 0 00°0 000 0 80T a1-v-INd

sphog  sapfos  sapkoe sdury WX VAW sduy X VAW sduy abe3ion aweN sng
S PRV S — wo 918 oS o8 de aseud-¢ aseyd-¢ sng uopeso yne




00°00C 00°0 000 000 80T SATE-INIX

00°00C 000 000 000 08¥y ddTddNAX

0 0 0 0 00°00¢ 00°0 0 000 000 0 ore SVIE-INIX
0 0 0 0 00°00C 000 0 0070 000 0 08¥ dV1E-INIX
0 0 0 0 00°00C 000 0 00°0 000 0 ove SVEV-INAX
0 0 0 0 00°00C 00°0 0 000 000 0 08¥ dVEV-INLX
0 0 0 0 00°00C 000 0 0070 000 0 80T SATY-dNIX
0 0 0 0 00'00¢ 00°0 0 000 000 0 08¥ dgTV-INIX
0 0 0 0 00°00¢ 000 0 000 000 0 ore SYTV-IINIX
0 0 0 0 00°00¢ 000 0 00°0 000 0 08¥ dVTV-INIX
0 0 0 0 00°00C 00°0 0 000 000 0 30T SHIV-INIX
0 0 0 0 00°00¢ 000 0 000 000 0 08¥ JdGIV-INIX
0 0 0 0 00°00¢ 00°0 0 000 000 0 0¥z SVIV-INIX
0 0 0 0 00°00¢ 000 0 00°0 00°0 0 08¥ dVIV-INIX
0 0 0 0 00°00¢ 000 0 00°0 000 0 80T SHT-INIX
0 0 0 0 00°00C 000 0 0070 000 0 08% Jd97-INIX
0 0 0 0 00°00C 000 0 00°0 000 0 80T SEI-YNIX
0 0 0 0 00°00¢ 000 0 000 000 0 08% JII-INIX
0 0 0 0 00°00C 00°0 0 000 000 0 807 SVI-9NIX
0 0 0 0 00°00C 000 0 00°0 00°0 0 08% IVI-INIX
0 0 0 0 00°00C 000 0 000 000 0 08¥ g-agams
0 0 0 0 00°00¢ 000 0 0070 000 0 08¥ V-agams
0 0 0 0 00°00C 000 0 000 00°0 0 80T TIIVII-INd
0 0 0 0 00°00C 00°0 0 000 000 0 807 TTIVII-INd
00°00¢ 00°0 00'0 000 08¥ TI-GINd

00°00¢ 000 0070 000 80z a1g-9-INd

/X VA X VAW abejion swen sng

sdwy wAsy d¢ 918 o918 de aseyd-¢ sng uoyeso jjney




0 0 0 0 00°00C 000 0 000 000 0 08y SHTILA-INAX
0 0 0 0 00°00C 000 0 000 000 0 LYzl dETLLAMNAX
0 0 0 0 00°00C 000 0 000 000 0 08¥ SYTLLAYWALX
0 0 0 0 00°00C 000 0 000 000 0 OLY'TH dVTILO-INAX
0 0 0 0 00700C 000 0 000 000 0 ove S8 YNAX
0 0 0 0 00°00C 00°0 0 000 000 0 08t d98d-INAX
0 0 0 0 00°00C 000 0 000 000 0 0vc SV8d-dNAX
0 0 0 0 00°00C 000 0 000 000 0 08y dV3EdNAX
0 0 0 0 00°00C 000 0 000 000 0 (174 SYed-dNAX
0 0 0 0 00°00C 000 0 000 000 0 08¥ dVed-dNAX
0 0 0 0 00°00C 000 0 000 000 0 80T ST JNAX
0 0 0 0 00°00C 000 0 000 000 0 (1114 dITEINIX
0 0 0 0 00°00C 000 0 000 000 0 (0124 SVTddNAX
0 0 0 0 00°00C 000 0 000 000 0 08¥ dVZE-dNAX

seaphog  sapfos  sspkoe sdwy WX VAW sdwy X VAN sdwy abejjon awen sng
ST SO — woly oS 918 o8 de aseyd-g aseud-¢ sng uopeooT yney-







1 jo | abed VW ‘USSpIaqY ‘108[01d UsOIUOd 0ZG S 9L 501001 JIeqWINN gop

ALITNEISNOdS3H SALINTILN JUSWWO]

ALITIEISNOJSTE SALITILN ¢

110z ‘20 sunp ‘Aepsiny L

VIN |0.¥CL vand AL vand-iLn

.. “w
AO 01 wihsy|wihsy wiks \uned| g5 | enjep | swnl | (vy) | (dwop opey|euny|ewy A9 0} whsy whsy| WAS | 55050 | s0n awieN apoN al @poN
18 | 1+O 10 i |funied| wAsy | ov) | WX med | wi | 1S 1+D 10
UM | AUl WL odA) alen | on | 99hky  |(vy)wAs juo9 UUM | AUl | W] | adA)
épajessapup (@] 2/ 8joho (M)
juawdinby ZI Bupey dinbg

Jojeisuen

440 siolo0l - Auinn
NO si0jo - AN
%001}

¢ OLIBeUd2g
:Z OLleUd9g
1} oLleuadg
auaugsnipy podui 08



8 jo | obed

VI ‘UsapIaqy 109(0ld uoojuod 0ZS ¥S PIL §50100) Hoquin qor

1102 ‘60 aunp ‘Aepsiny |

punoig o auly| ¢

aseld ¢

aseyd ¢

¥ IANVYHO P-INVHO

aseld €

QIVIPL AINNSSY HOLOFLOHd LINDHID HOLOW WYH/LND uswWwod

eseyd ¢

0'8

18

08

8¢

0l |

€

gO0IN

08y

L YHA

Zpejelspun
juswidinbg

yned
Jo edAy

dIN X
(v)M) wAig
9pphko zZ/1

(W)
wAsy

appho z/L

(dwojdv)
(v)) wig
oA /L

oney
AadiX

I | UNM

buney
dinbg

1ed

R
Jo adAL

SJIOA |

poum._mcmmv € o_hmcoom
440 siojop - AYlN iz oMeussg

NO siololp - AN ) OUBUSDS
%001 usunsnipy podwi 58



8 Jo Z ebed

YM

‘udspiaqy ¢

100014 uoOOd 026 HS B §50L00) equinN qor

110Z ‘60 aunp ‘Aepsiny]

eseyd ¢

punolo o] aur

punoJin 0] aul

sseyd ¢

FANYHO HOLOW INVHO-HLIN

HdINOD HIV HOLOW| ODdIvV-d1N

i UMM

¢ peyeliapun

juswdinbg

N X
(vy) wAs

31940 z/1

(v™)
wAhsy

8pho ZIL

(dwojJy)
(vy) wis
819ho 2L

TR TY

buney
dinbg

d

m:o>v SWeN spoN



8 Jo ¢ ebed Y/ ‘UsapIsqy ‘Jo8(0id UoOOd 02 WS BRLL §50L00) HequinN qor 1102 ‘60 aunp ‘AepsinyL

9SBUd € ) | ’ ) ) ) T1-V-INd

punolo o] sum

9Seld €

aseld ¢

S9SBld ¢

punolo of aur C | ) ) : ) g¢-v 13Nvd g¢-v-

punoi o] aurm | 6T b 6T 6T S60 | 00L v | 900W | ovZ VZ-V 1aNVd  VZ-V-INd

] UM jineg #| dNX | AN (vM) [(dwodovy) oney | u| | UMM (38D | 8d1Aaq | SHOA SWeN 3pON| Al ®PON|
épajesiapun Jo adAL (VM) wig whsy | (VM) wAs | H/X Buney joadAL m
awdinbz 3ppho T/l | 919AD /1 | 91940 2/1 dinbz m




8 Jo ¥ obed VM ‘uospIaqy ‘Josfoid uoojuod 0z ¥S BHLL §50L00} HequwinN qor 1102 '60 aunp ‘Aepsiny |

aseyd ¢

2seyd ¢

punols) o] Ul

aseyd ¢

punolsy o] aur

puno.io) 0] 8ul

oseld ¢

punoig o1 sulq 6'¢C 6¢C 6'C g1-6 1INVd
| UIIAR }neg 4N X (vM) [([dwoddv) ] SweN spoN QI 9PON|
épajeilapun (vy) wAg whsy | (vy) wis _
juswdinb3 894D 2/) a]9A0 Z/L | aPAD Z/L A

s Areww




8 jo G sbed

Y ‘UsapIagy ‘109(01d U0OJUOd 02§ WS BIL 50100 Hequin qor

11.0Z ‘60 aunp ‘Aepsinyl

oseyd €

a9seld ¢

08Y vV aams V-ddMms

80¢ ¢ J31IVHL TINVd CTVHL-INd

80¢ ONIATING € T3NVd| a19-9-7Nd

48-d T9Nvd] d8-4

, punols) 0} aul

(4>

V3-8 1INVd, V8-9-1INd

i UHM

Jpajellapun
juawdinbg

yned
Jo adAy

(dwo)day)
(vy) whg
a_&o zZh

dSweN apoN dl spoN




8

10 g obed

VM

‘ugsplaqy

jo8foid UoOOd 0ZG US PNLL §S0L00) Jequiny dor

askeyd ¢

puno.oy 0] eul

oseld ¢

9seyd ¢

8'av

6v¥

LL0Z ‘60 sunp

‘RepsinyL

] UMM

épayenspun
juswdinbg

jined
10 odAL

dNX 4
(vy) wAig

, 812ho zZ/L

{(vM)
wiAsy

m_o>0, N;

(dwodav)
(vy) wAs
ek zL

W YUm

Buney
dinb3z




8 40 2 abed VM ‘Usspiaqy ‘josfoid uoojuod 0ZG HS PlLL 501001 HaquinN qor 110z ‘60 ounf ‘Aepsiny)

0¥e 03S ved JiNdX] SYZa-dHINdX

8seyd €

punoisy o] aur

Idd VeV JINJX| dVYEV-HINIX

SSEUd €

punoig o] aur] ze L'e 03S 92V ¥INAX| SETV-HINAX
Wi uIm yneg #S| 4dANX 4| () [(dwodDv) oney | Jul | WM [IeD | 8dIAeQ [SHOA | sweN apoN| i @PON
épajerispun JoodAL (VX)) whs | whsy | (vM) wAs| ¥/X Bunyey joadAy
juswdinbz | 819ho z/L | ePhD 2/




g 40 g abed

VM

‘usepleqy ‘Joelold Uoojuod 026 HS PRL SS0L00L U4SAWnN qor 110Z ‘60 aunp ‘Aepsinu i

punoJc) 0] sui]

oseyd ¢

punoio) 0] Ul

9seld €

punols o} sur

”EmEEoo

aseyd ¢

98 8

VIN 08y

| YUM

¢ pajerispun

jusuidinbg

jined

(vy)  [(dwodov)
wAhsy | (v)) wAg
shozn | ek 2l

931A0J | SHOA
Jo adA}|







SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

PROTECTIVE DEVICE COORDINATION STUDY

Time Current Curve Discussion

The determination of a particular setting is based upon a careful balancing of the competing
goals of equipment protection and pure selectivity. There are many codes that specifically
define the required limits of equipment protection. Examples of these are the National
Electric Code (NEC) for cable, motor, and transformer protection. The American National
Standards Institute (ANSI) also has requirements for protection of transformers due to short
circuits and through faults. The engineer considered these standard codes and
requirements. Their applications are graphically demonstrated on the time current curves.
Time current curves are logarithmic graphs of time versus current. The graphs show the
devices' operational characteristic curves. The curves graphically illustrate the coordination
between the devices.

The engineer made every attempt to utilize the existing equipment and determine settings
to meet present day requirements and practices. The engineer must maintain a
coordination margin (dependent on device type) among device characteristic curves. This
ensures that only the desired unit operates and prevents more of the system from being de-
energized.

The coordination study required calculating the short circuit values at the equipment and
plotting these values on time current curves. The engineer plotted fuse, transformer
protection, relay, and circuit breaker curves, starting from the end load and working towards
the main switchgear. The study was done on the 480, and 208-volt equipment shown on
the one line drawing. The study contains time current curves, copies of the manufacturers'
time current curves and tables of the low voltage circuit breaker settings.

The protective device coordination study was performed using the SKM PowerTools
CAPTORS program. SKM Power Tools is a collection of programs that are used for design
and analysis of power systems. The software was written and is distributed by SKM
Systems Analysis Inc. of Manhattan Beach, CA.

The Time Current Curve (TCC) sheet #1 shows the plots of the fuse, transformer and
downstream 480-Volt equipment. A typical curve shows the primary device followed by
other devices downstream. A TCC ID # identifies each device on the curve. This ID
number is used to locate the device in the equipment data/settings table and on the time
current curve. Each time current curve contains a small one-line diagram that shows the
plotted devices.

In general, most of the devices will not selectively coordinate in the instantaneous region.

This is considered a tolerable situation in most cases due to the operating characteristics of
these devices in that region. However, for elevator circuits, emergency systems, and
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legally required standby systems this is not acceptable per NEC code 620.62 (People
Transporting Equipment), 700.27 (Emergency Systems), and 701.18 (Legally Required
Standby Systems). For these areas, selective coordination is required and the protective
device curves shall not overlap. In the discussions that follow, no reference will be made to
this issue unless the situation merits further comment.

Tab 7 Page 2
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Revision # - Date: 03/02/11

TCC# 1

Device# 1
2
3
4
5

Discussion of Time Current Curves

Equipment Name

XFMR-UTILAP
XFMR-UTILAP
SWBD-A
SWBD-A
MTR-CRANE1

Circuit Description

PRIME FUSE

Transformer Damage Curve
MAIN

CRANE 1

Motor Starting Curve

There is overlap between the utility fuse (Device #1) and Switchboard A main breaker
(Device #3). This overlap is considered acceptable since they are in series, if either
devices trip, they will have the same affect. The curve also show the crane's motor starting
curve with the assumption that the equipment doesn't have a VFD to minimize the inrush

current.
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1
UTIL-PUDA
XFMR-UTILAP
1-PRIME FUSE A
S XFMR-UTILA

o

| XFMR-UTILAS

TO SWBD-A

3-SWBD-A MAIN

| SWBD-A

4-FDR TO CRANE-1

TO CRANE-1

CRANE-1

MTR-CRANE!1

10

0.5 1

CURRENT IN AMPERES

100

KENEJUTALA

1K
10K

1007

1-PRIME FUSE A !
COOPER
Bay-O-Net Current Sensing Fuse Link, 23kV

353C17
Trip 140.0 A
Settings Phase
140.0 Amps

100

XFMR-UTILA

kVA 2500.0 KVA

DamageCurve 3 Phase + SLG
InrushFactor 12.0

3-SWBD-A MAIN
GE

S8, SH PowerBreak lf, EGTU
$8 .
Trip 4000.0 A 10

Plug 4000.0 A

Settings Phase
LTPUATD {0.5-1 x RP) 1.00X (4000A); C-2
STPU (1.5-0 x LTPU) 2X (80004) 2
STD (ST01 - 8T11) STO1-Min (42t In) .

INST (2-9 x RP) 9X (36000A)

4-FDR TO CRANE-1
GE

SKLA, Spectra RMS

SKLA
Trip 800.0 A
Seftings Phase

SANC3S NI JWTL

—_

0.10

10

100

0.01

10K

TCC Sheet: 1-Utility Transformer, Transformer Damage Curve, SWBD-A Main, Feeder to Crane1, Crane1 Mtr Starter

Oneline: TCCA
March 2, 2011 11:18 AM
SKM Systems Analysis, Inc.

Current Scale x 100
Reference Voltage: 480
Fault Type: InitSym 3P

PowerSiudies

Phooe 253-639-8535 = Fax 253-639-8685 m 16122 SE 266th 3t, Covington, WA 98042
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Solid State & Thermal/Magnetic Molded Case Circuit
Breaker Settings (with Instantaneous Settings only)

e Feeder Breakers Feeding Panelboards* Set instantaneous to Maximum

* Feeder Breakers Feeding Dry type Set instantaneous to Maximum
transformers*

¢ Panelboard Main Breakers* - Set instantaneous to Maximum

* Branch Breakers * Set instantaneous to Minimum

*Breaker Pick Up or Overload Settings for Motor Circuits*

Motor Service Factor —1.15 Setting <125% x I(nameplate Amps)
(Up to 140% if nuisance tripping occurs)

Motor with Temp Rise 40° C Setting <125% x I(nameplate Amps)
(Up to 140% if nuisance tripping occurs)

All other Motors Setting <115% x I(nameplate Amps)

(Up to 130% if nuisance tripping occurs)

*Breaker Overcurrent for Motor Circuits*
Inverse Time Breaker Setting <250% x I(nameplate Amps)
Instantaneous Trip Breaker Setting <800% x I(nameplate Amps)
(For non Design E or B Energy
Efficiency Motors)

Setting <1,100% x I(nameplate Amps)
(For Design E or B Energy Efficiency

Motors)
Combination Controller - Setting <1,300% x I(nameplate Amps)
Instantaneous Trip Breaker (For non Design E or B Energy

(NEC Table 430.52 Exception if motor Efficiency)

trips using the values above.)
Setting <1,700% x I(nameplate Amps)
(For Design E or B Energy Efficiency
Motors)

* - Use these settings above if no other settings are specified on the following
device setting sheets.
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MULTIPLES OF GROUND FAULT PICKUP SETTING
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GE Consumer & Industrial -
Electrical Distribution

Insulated Case Circuit Breakers
Power Break™ |}

GES-9890E

Avuilable Ratings (Amperes)

Frame Current Sensor (S}
800 200, 400, 800
1600 800, 1000, 1600
2000 2000
2500 1000, 2000, 2500
3000 3000
4000 4000

Voltage Rating: 600 Vac, maximum

Types SS, SH

with Power+™, MicroVersaTrip Plus® or
MicroVersaTrip® PM

Digitat RMS Trip Units

Ground Fault Time-Current Curves

Curves apply at 50 to 60 Hertz
and from -20°C to +70°C breaker ambient.

Adjustments
Ground Fault Function:
*Pickup settings are in multiples of Current Sensor Rating {S)
For {S) = 150 through 2000 amps
Pick-up setting: 0.20 to 0.60
For {5} = 2500 through 3000 armps
Pick-up setting: 0.20 to 037
For {S) = 4000 amps
Pick-up setting: 0.20 to 0.30
Delay Bands: Min {1}, Int {21, Max (3 12t InfOut

Settings Glossary
S = Current Sensor Rating in amps

04.97 BM



TIME IN SECONDS

GES-9889H

MULTIPLES OF CURRENT SETTING, C

"
5.6 .7.891 2 3 4 5 6578910 20 30 40 50 60 70 80808 2 2
1000 e 1000 -
900 - 200
800 800 ;
700 : 700 .
6§00 - 600 o
% iy Long-time 1 1 Z
500 . Delay Band 500 .09 09 8
ks 08 08 O
400 W00 o7 07 0
Wi w 06 v o6 Z
300 : : 300 ., w
LE .05 105 X
=
il 04 " y 04
200 2 200 o A ,
— kS Determines i
03 End of Curve i 03
100 w0 L 0
S0 920
80 2 : ol 80 - ¢
70 e Ty ke 70 = : : 7
& : 0 ! ) o] f ' B NRTIIN oL
50 - 50 67891 2 3 4 5 6 788910 20 30
40 mmaEmeT Cematne | a0 MULTIPLES OF BREAKER SHORT-TIME RATING, H
b 30 Breaker Short-time Rating (H)
Frame Amps {Amps. rms symmetrical)
20}~ L e 20 800 25,000
15 FE N o T A Minimum Total 1600, 2000 40,000
Pnad Clearing Time - .
! 2500, 3000, 4000 42,000
10 I 10
S ] z.ov‘I 9
b I e :
7l ime 7
A %
& ! 25 l 6
5 \! 5
[Tt = MULTIPLES OF INSTANTANEOUS PICKUP
4 = Lf‘pl 4 4 4
. A
3 3 3 3
Instantaneous Pickup Setting in multiples of rating plug amps (X}
2 2 2 fede .| Pickup Settings on trip units with Short-time function: 2
B PRI For {5} 200 to 2000 amps: 15 to 15.0, in increments of 0.5
~ \ For {S) = 2500 and 3000 amps: 1.5 te 13.0, in increments of 0.5
For {S) = 4000 amps: 1.5 to 9.0, in increments of 0.5
Pickup Settings on trip units without Short-tima function:
For {5} = 200 to 3000 amps: 1.5 to 10.0, In increments of 0.5
1 1 For (S) = 4000 amps: 1.5 to 9.0, in increments of 0.5 :
K} s 8 9
8 2 8 8
a 77 7 T
6 6 K3 K3 @
5 5 5 5 | R
/
" Hax 4 4 ]
; 6}
3 petermines | 111 3 3
Int i End of Curve
2k 2 2 2
- : o N
. i o 11 i i 2
For rating plugs noted below in bold-face type b
‘83 o with Instantaneous setting 3.0X and below, 'gz »
- ’ - T use dotted ine for total clearing time. - fa
07 07 07 , o 2
06 o6 K Q
06 o 6 Q
05 g5 .05 105 o
04 04 04 - o Z
4 w
03 a0 03 E
02 .02 02 02
- Application |
— : Determines Fd
End of Curve
z
01 fodif d b 01 .01 PSSR R (S i.io1
5 6.7.891 2 3 4 5 678910 20 30 40 50 60 708090% 7891 2 3 4 5 678910 20 30
g
i MULTIPLES OF CURRENT SETTING, C MULTIPLES OF INSTANTANEOUS PICKUP
@ ™
GE Consumer & Industrial - PowerBreak™ |l G ES 9889H
Electrical Distribution insulated Case Circuit Breakers -
Avdilable Ratings {Amperes) Types SS, SH Programmer Adjustments
Current . . . . N . .
Frame | Sensor (51| Roting plug X with Power+™ MicroVersaTrip Plus™  Long-time T e
800 200 100, 150, 200 i i ™ y : i
400 [ 150 200, 225, 250, 300, 400 or MICFOVEFSGTHD PM Delay Bands: 1, 2,3 and 4.
800 __|300% 400, 450, 500, 600, 700, 800 Digital RMS Tri p Units Short-time Function Pickup Settings:
1600 | 800 | 300% 400,450, 500, 600, 700, 800 1.5 to 9.0 multiples of current setting {C).
1000 [ 400% 600, 890, 1000 . . )
1600 | 500¥, 800, 1000, 1100, 120, 1600 Long-time Delay, Short-time Delay, and Delay Bands: MIN, INT, MAX; %t In/Out
2000_| 2000 | 750% 800%, 1000, 1200, 1500, 1600, 2000 | e Instantaneous Function:
nstantaneous Time-Current Curves 0 :
2500 ;ggg ggg:‘ iggﬁgbﬁoggw 55 See Table with Curves above.
. 2004, 109, 1600, {High-Range not available with Power+™
2500 | 1600, 2000, 2500 Curves apply at 50 to 60 Hertz © °
A o s and from -20°C to 70°C breaker ambient S: Current Sensor Amps
- 2 : %: Rating Plug Amps
* Not avallable vith Powers™ Trip Unit, J
C: Current Setting Amps
Voltage Rating: 600 Vac, maximum H: Breaker Short-time Rating Amps

05.00



TIME IN SECONDS

K215-177A

CURRENT IN MULTIPLES OF RATING PLUG AMPERES
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5 6.7.891 2 3 4 5 678910 20 30 40 1 2 3 4 5 6789310 20 30 W
CURRENT IN MULTIPLES OF RATING PLUG AMPERES
Molded Case Circuit Breakers
. i ®
GE Consumer & Industrial - Type SK with Spectra RMS K2 1 5 1 7 7A
Electrical Distribution Solid-state Trip -
Current Ratings Long-time Delay and Instantaneous Adjustments
Frame Rating Plug with Tracking Short-time Deloy Instantaneous pick-up settings in multiples of rating plug
Amperes Amperes Time-current Curves rating: MIN, 2, 3, 4, 5, MAX
800 700/800 Note 1: Operation above 60 Hertz and 50°C play require
thermal and interrupting derating of the circuit breaker.
i ' Refer to Sefection and Application manual.
Voltage Ratings Curves apply ot 50 to 400 Hertz
240, 480, 600 Vac and from -20°C to 70°C breaker ambient
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SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

ARC FLASH STUDY

Arc Flash Calculations

The protection engineer performed arc flash calculations to determine the incident energy
and arc flash boundary for various locations throughout the power system. Once the
incident energy and arc flash boundaries are known, the required PPE is determined and
the appropriate arc flash warning labels are generated. The owner can then attach these
warning labels to electrical equipment that would require servicing while energized. These
labels will indicate to personnel what the arc flash boundary is and what the correct
personal protective equipment (PPE) is that they are required to wear.

CAUTION!

The equations used for the calculation of the estimated maximum incident
energy and the estimated arc flash boundary distance are still under review
and testing by IEEE and others.

Users should be aware that the equations are based upon measured incident
energy under a specific set of test conditions and on theoretical work. Actual
arc flash exposures may be more or less severe than calculated by the PTW
program. (A discussion of the PTW program used for our calculations
follows.) Calculations are base on the installation and configuration of the
electrical distribution system as initially constructed. @ Any changes or
additions of the electrical distribution system may cause these calculations to
be null & void. All short circuit and overcurrent protective devices (OCPD)
must be replaced with the exact same manufacturer and model. Also, the
user should beware of the potentially hazardous effects of molten copper
splatter, pressure impulses (arc blast), toxic arc byproducts, and projectiles.
These effects have not been considered in the equation.

Personal Protective Equipment (PPE) for the arc flash hazard is the last line-
of-defense. It is not intended nor will it prevent all injuries. NFPA 70E (2009)
PPE levels are intended to reduce the impact of an arc flash to 2" degree
burns for the torso and head only. NFPA 70E (2009) states that the incident
energy exposure shall be based on the working distance of the employee’s
face and head (18”). Objects closer to the arc flash will be exposed to much
greater levels of incident energy. Fire Rated (FR) clothing and PPE shall be
used based upon the incident energy exposure. This means injuries to hands
and arms are expected if an arc at the level calculated and protected against
occurs. [t is impossible to design PPE to prevent all injures since it would be
very restrictive and difficult to work in.

Tab 10 Page 1



SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

Incident energy levels are directly related to the clearing time of the upstream
OCPD. Operation of the OCPD within the manufacturers design
specifications is essential for limiting the incident energy due to arc flash
hazards. The Arc Flash Hazard Study is calculated based on the
manufacturers published time current curves for new equipment. Failure of
the OCPD components to operate within the manufacturer's time current
curves will compromise the results of this Arc Flash Study and will result in
higher levels of incident energy to electrical workers. NFPA 70E (2009) &
70B standards recommend regularly scheduled maintenance and testing be
performed on the electrical distribution system components to assure proper
operation of all over current protective devices. Regular testing is required to
protect electrical workers from greater arc flash energy hazards than are
calculated in this study.

The engineer performed the arc flash calculations for the equipment shown on the electrical
one line drawing contained in the report. The engineer started at the utility main service
and continued downstream to include the equipment shown of the one line drawings.

PTW Arc Flash Evaluation Program

The protection engineer used the PTW (Power Tools for Windows) Arc Flash Evaluation
program. SKM System Analysis, Inc. of Manhattan Beach, CA, wrote this program. Itis an
accepted industry standard for arc flash calculations. This program calculates the incident
energy and arc flash boundary based upon the three-phase short circuit duties at each bus
and through each protective device.

The arcing fault current through the protective devices is then calculated from the bolted
fault value and used to automatically find the time duration of the arc from the time current
coordination (TCC) curves. Incident energy and arc flash boundaries are calculated based
on the bus three-phase fault current and arcing duration. Clothing requirements are
specified from a user defined personal protective equipment table.

Tab 10 Page 2



SR 520 Pontoon Project
Job Number #1001055-3

Revision #C - Date: 6/1/11

‘Bus
Daolted
Fault

{A)

Pratective

Bus Name | Device Name

KV

Breaker
Opening
Time
{sec:}

Pmt Dev
Bolted
Fault::

=(kA)

o THpl
Delay
Time
{seci)

’éa Arg Flash | Working
i rr? ) Boundary. 1 Distance
T o iy

Afcirig
Fault
(A}

ncident
Energy
{cal/cm2)

Equip
Type

Graund

Requirad Protective FR Clqlhing/Class

The PTW Arc Flash program created the table above.

columns have the followin

XFM?UZSEC #1-UTIL Relay 416 13.20; - 1274, 4228, 1897 0083

;Clags 4, Cotton Underwear + FR Shin
:& Pant + Double Layer Switching Coat
13 [ O R
{1} Out of IEEE 1684 Range. ~ ~-
;(‘2) < 80% Contribution Accumulated
i(*3} - 86% Arcing Cumrent Used

Yes SWG 1025 84 36 257

4‘{4[«% 4
(E«M <

Reading from left to right, the
g definitions:

Bus Name:

Indicates the fault location.

Protective Device

Name:

The first protective device in each parallel branch feeding the
fault.

kV:

Bus voltage at the fault location.

Bus Bolted Fault:

Total symmetrical fault current at the fault location.

Prot Dev Bolted Fault:

Symmetrical fault current passing through the referenced
protective device for a bolted fault at the fault location, referenced
to bus voltage at fault location.

Arcing Fault:

Branch fault current passing through the referenced protective
device for an arcing fault at the fault location, referenced to bus
voltage at fault location.

Trip/Delay Time:

Time for referenced protective device to trip (clearing curve) at
arcing fault branch current value.

Breaker
Time:

Opening

User-defined trip time for breaker used when protective device
clearing curve does not include the breaker operating time. For
example, published relay trip curves reflect only the trip time of
the relay since they can be applied to many different breakers
and therefore the breaker opening time needs to be included.

Ground:

‘Yes’ indicates that the fault bus is connected solidly to ground.
‘No’ indicates that the fault bus is resistance grounded or
ungrounded. The empirical equations for incident energy vary for
grounded and ungrounded systems.

In Box:

Identifies whether the fault location is in an enclosure or in open
air. In open air the arc energy will radiate in all directions
whereas an enclosure will focus the energy toward the enclosure
opening. The In Box / Air selection is available when the NFPA
70E (2009) study option is selected. For the IEEE 1584 (2002)
study selection the In Box or In Air is determined automatically
from the Equipment Type specification.

Equip Type:

Used only in the IEEE 1584 (2002) method to determine In Box
or In Air condition as well as to provide a default gap between
bus bars and distance factor used in the incident energy
calculation.

Gap:

Gap between conductors where arc will occur.

Tab 10 Page 3




SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

Arc Flash Boundary: | Minimum distance from the arc within which a second degree

burn could occur if no protective clothing is worn.

Working Distance: Closest distance a worker's body, excluding arms and hands,

would be exposed to the arc.

Incident Energy: Energy released at the specified working distance expressed in

cal/cm2 or J/cm2.

Clothing Class: Minimum clothing class designed to protect worker from second-

degree burns.

The following assumptions have been made by the PTW programmers and
PowerStudies.com Protection Engineer:

1.

Arc Flash searches up to 5 branches away from the faulted bus to find the fastest
protective device with an over-current trip curve. The device with the fastest trip time
for the given arcing fault current is used. In most situations, this is the device closes
to the faulted bus.

. Worker is stationary during the entire arc flash incident (constant working distance)

up to 2.0 seconds.

. The maximum time that a worker will be exposed to the arc flash is 2.0 seconds.

Either the person will move away or be blown away from the arcing fault location.

Induction motors are assumed to be operating. Fault current contribution from the
motors lasts for 6 cycles only.

Current-limiting range for fuses is assumed to start where fuse clearing curve
crosses 0.01 sec.

Current-limiting fuses operating in current limiting range are assumed to clear in % -
Va cycle.

. The Interrupting device is rated for available short circuit current.

Upstream branch devices are properly coordinated with downstream branch devices
and are set to the values specified in the protective device coordination study
performed by PowerStudies.com.

The engineer performed the arc flash calculations for the equipment shown on the

electrical one line drawing contained in the report. The engineer started at the utility
main service and continued downstream.

Tab 10 Page 4
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Theory

Arc Flash Evaluation is calculated using IEEE 1584 (2004a) Standard. The Arc Flash
Evaluation Program uses the following calculation procedures to determine the values
shown on the Arc Flash Warning Labels and in the Arc Flash Evaluation Bus Reports.:

Arc Flash Evaluation Using IEEE 1584 (2004a)

The following equations are reprinted with permission from IEEE 1584 (2004a) *Copyright
2004*, by IEEE. The IEEE disclaims any responsibility or liability resulting from the
placement and use in the described manner.

1) Arc Flash Evaluation using IEEE 1584 (2002a) / D10 assumes that the following ranges
are used.

a) Range of the model
b) Bus Voltage between 208V and 15kV
C) Bolted fault current at the bus between 700A and 106kA
d) Bus bar gap between 13mm and 153mm
e) For systems outside these ranges, use the LEE equation instead
2) Determine the 3 Phase Fault at each bus in the power system, calculate or determiné
the Bolted Fault Current at the bus (IB) and the Bolted Fault Current through each

protective device (IB br).

3) Determine the Arcing Fault Current at the bus (la) and through each protective device
(la br).

For low voltage distribution systems, nominal voltage < 1 kV and 700A < IB < 106kA

lg (la) = K + 0.662 Ig (IB) + 0.0966 V + 0.000526 G + 0.5588 V Ig (IB) — 0.00304 G Ig
(IB)

lg is log10
la is arcing fault current at the bus
K is —0.153 for open configuration and
is —0.097 for box configuration
IB is bolted fault current — 3phase sym rms kA at the bus
\ is bus voltage in kV
G is bus bar gap between conductors in mm

For medium voltage bus systems with nominal voltage > 1 kV and 700A < IB < 106kA

Tab 10 Page 5
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4)

5)

lg (la) =0.00402 + 0.983 Ig (IB)

Therefore, la=10Ig (la)

labr=1la*IBbr/IB
IB br is the Bolted Fault Current through each protective device.
la br is the arcing fault current through each protective device.

*Note: Following IEEE 1584 (2002) - 5.2, we are calculating a second arcing fault
current at 85% of the original, calculate the Trip Time and Incident Energy at both 85%
and 100% arcing fault current and display the larger of the two Incident Energy values
with the associated Trip Time.

Determine the Trip/Delay time for fuses from the Time Current Coordination Curve
(TCCQ).

Standard fuses that have both minimum melting and total clearing curves available, use
the trip time read from the total clearing time curve. For fuses with only the average
melting time curve available, the time Tr used is from the average melting curve at the
arcing current level. If Tr is less than or equal to 0.03 seconds, then 15% additional
delay is added to Tr. If Tr is above 0.03 seconds, then 10% is added to Tr and this
value is used for the total clearing time.

For standard fuses, if the arcing fault current is above the total clearing time at the
bottom of the curve (0.01s), then 0.01s is used to Tr. (IEEE_P1584/D10 Pg 7)

For all current limiting fuses and breakers, if the trip time read from the TCC clearing
curve at the branch arcing fault current is less than % cycles, then this value is used as
the trip time. Otherwise, define the current at 0.01seconds as the IL, and la as the
arcing fault current at the protective device:

Trip/Delay Time Condition
Read from clearing curve la<IL

1/2 cycles* IL<la<2lIL
1/4 cycles™* la>2IL

* - The Current limiting devices are not assumed to be current limiting for this lower
value of la.

** - The current limiting devices are assumed to be current limiting for this higher value
of la.

Determine the Trip/Delay time for relays from the TCC.
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Use the TCC curve and read the Read Trip/Delay time. Use 16 ms for relays that
operate instantaneously and add the circuit breaker opening time.

Breaker Opening Time For relays:

Breaker Opening Time Breaker Rating and Type
1.5 cycle < 1000 V molded case
3.0 cycle < 1000 V power circuit
5.0 cycle 1-35kV

8.0 cycle > 35 kV

For low voltage circuit breakers that can be tripped by relays, use a breaker opening

time of 3 cycles. For all other device categories, set the Breaker Opening Time to 0.0s

since the Trip/Delay Time reading from the TCC include breaker opening time already
6) Determine the Arcing duration by adding the Trip/Delay time and Breaker Opening time.
7) Determine the Equipment Type and Bus Bar Gap.

IEEE1584 lists four Equipment Types. They are Switchgear, Panel, Cable, and Open
Air. The following defaults are used according to the voltage level.

Equipment Type kV
Panel <1
Switchgear <35
Air > 35
Panel <1
Classes of Equipment Gap (mm)
< 1kV Switchgear 32
< 1kV MCCs and Panelboards 25

1 — 5 kV Switchgear 104
> 5 kV Switchgear 153
All Cable 13

1 — 5 kV Open Air 104
> 5 kV Open Air 153

8) Determine the Working Distance

The working distance based on the voltage level and equipment type using the table
below.

Working Distance Equipment Type kV
24 inches (610mm) Switchgear <1
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18 inches (455mm) Panel <1

36 inches (910mm) Switchgear >1&<35
72 inches (1829mm) Switchgear > 35

18 inches (455mm) all others

9) Determine whether the equipment is grounded or not
10) Calculate the Incident Energy

Ig (En) = K1 + K2 + 1.081 Ig (la) + 0.0011 G

En is incident energy (J/cm2) normalized for an arcing duration of 0.2s
and working distance of 610mm

K1 is —0.792 for open configuration and
is —0.555 for box configuration (switchgear, panel, cable)

K2 is O for ungrounded and high resistance grounded systems and
is —0.113 for grounded systems

G is the gap between bus bar conductors in mm

solve En=10Ilg En
Incident Energy is converted from normalized:
E =4.184 Cf En (t/0.2) (610X / DX)

Eis incident energy (J/cm2)

Cf is 1.0 for voltage above 1 kV and
is 1.5 for voltage at or below 1 kV

t is arcing duration in seconds

D is the working distance

x is the distance exponent

The distance exponent x based on the voltage level and equipment type shown in the

table below.

X Equipment Type kV
1.473 Switchgear <1
1.641 Panel <1
0.973 Switchgear > 1
2 all others

11) Calculate the Arc Flash Boundary DB
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12)

DB = [ 4.184 Cf En (¢/0.2) (610°X / EB) ] * 1/X

DB is the arc flash boundary in mm at incident energy of EB
EB is the limit for a second-degree bare skin burn. EB = 5.0 (J/cm2)

For all current limiting fuses and breakers with the manufacturer’s incident energy and
flash boundary equations available, the manufacturer's current limiting equations are
used instead of the above equations. The current limiting equations can be entered
and are stored in the protective device library.

IE =A*Ibf+B - Incident Energy
Db=D*Ibf+D - Flash Boundary

Constants A, B, C and D are different for different manufacturers, frames/cartridges
and current ratings. If the equation is available for Incident Energy, but NOT for Flash
Boundary Db, calculate IE from the current limiting equation and Db using the
standard IEEE1584 equation.

If a bus has multiple contributions, calculate the incident energy from each current
limiting device using the current limiting equations. Subtract these contributions from
current limiting devices out of the total bolted bus fault current. Use the remaining
arcing fault current and the standard IEEE1584 incident energy equations to calculate
the incident energy. Add the incident energy from current limiting and none-current
limiting devices together. Always calculate the Flash Boundary using the standard
[EEE1584 equation when multiple contributions exist at the bus.

*Note: Following IEEE 1584 (2002) - 5.2, The program calculates a second arcing
fault current at 85% of the original. Then the Trip Time and Incident Energy at both
85% and 100% arcing fault current is compared and the larger of the two Incident
Energy values with the associated Trip Time are displayed.

Determine the PPE Clothing Class

The PPE clothing class is determined based upon the incident energy and voltage
class. This table (NPFA 70E Table 130.7.C) is shown on the next few pages.
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NFPA 70E Table 130.7(C)(10) Notes

Legend:

AN = As needed (optional)
AR = As required

SR = Selection required

Notes:

1. Information taken from Table 130.7(C)(11) and is shown in the last two
columns. Arc rating for a garment or system of garments is expressed in
cal/cm?,

2. If rubber insulating gloves with leather protectors are required by Table
130.7(C)(9), additional leather or arc-rated gloves are not required. The
combination of rubber insulating gloves with leather protectors satisfies the
arc-flash protection requirement.

3. The FR shirt and pants used for Hazard/Risk Category 1 shall have a

minimum arc rating of 4.

Alternate is to use FR coveralls (minimum arc flash rating of 4) instead of FR
shirt and FR pants.

FR shirt and pants used for Hazard/Risk Category 2 shall have a minimum
arc rating of 8.

. Alternate is to use FR coveralls (minimum arc flash rating of 8) instead of FR

shirt and FR pants.

. A face shield with a minimum arc rating of 4 Hazard/Risk Category 1 or

minimum are rating of 8 for Hazard/Risk Category 2, with wrap-around
guarding to protect not only the face, but also the forehead, ears, and neck
(or, alternatively, an arc-rated arc-flash suit hood), is required.

An alternate is to use a total Fr clothing system and hood, which shall have a
minimum arc rating of 25 for Hazard/Risk 3.

The total clothing system consisting of FR short and pants and/or FR
coveralls and/or arc-flash coat and pants and hood shall have a minimum arc
rating of 40 for Hazard/Risk Category 4.

10. Alternate is to use a face shield with a minimum arc rating of 8 and a

balaclava (sock hood) with a minimum arc rating of 8 and which covers the
face, head and neck except for the eye and nose areas.

13) The Glove Rating class is determined based upon the voltage class.

14) Determine the Limited Approach Boundary
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15)

16)

This is the distance from an exposed live part within which a shock hazard exists.
This value is determined by NFPA 70E (2009) Table 130.2(C).

Determine the Prohibited Approach Boundary

This is the distance from an exposed live part within which work is considered the
same as making contact with the live part. This value is determined by NFPA 70E
(2009) Table 130.2(C).

Determine the Restricted Approach Boundary

This is the distance from an exposed live part within which there is an increased risk of

shock, due to electrical arc over combined with inadvertent movement, for personnel
working in close proximity to the live part. This value is determined by NFPA 70E

(2009) Table 130.2(C) shown below.

(1) 2) 3 (4) 6y -

Nominal System | Limited Approach Limited Approach Restricted Approach Prohibited Approach

Voltage Range, | Boundary — Exposed | Boundary — Exposed | Boundary — Includes Boundary

Phase to Phase | Movable Conductor Fixed Circuit Part Inadvertent Movement

Adder

Less than 50 Not Specified Not Specified Not Specified Not Specified

50 to 300 10ft0in. | 3.05m 3 ft 6in 1.07m Avoid Contact Avoid Contact

301 to 750 10ft0in. | 3.05m 3 ft Bin. 1.07m 1f0in. 304.8 Oft1in. 254
mm mm

751 to 15 kV 10ft0in. | 3.06m 5ft0in. 1.53 m 2ft2in. 660.4 0ft7in. 177.8
mm mm

15.1kVto 36kV | 10ft0Oin. | 3.05m 6 ftOin. 1.83m | 2ft7in. 787.4 0 ft10in. 254 mm
mm

36.1kVto46kV | 10ft0in. | 3.05m 8 ft0in. 244 m 2ft9in. 838.2 1ft5in. 431.8
mm mm

46.1kVto725 | 10ft0in. | 3.05m 8ft0in 244 m 3ft3in. 1m 2ft2in. 660 mm

kV

72.6 kV to 121 10t 8in. | 3.25m 8ft0in. 244 m 3ft4din. 1.29m | 2ft9in. 838 mm

kV

138 kV to 145 11ft0in. | 3.36 m 10f0in. | 3.05m 3ft10in. 1.15m | 3ft4in. 102 mm

kV
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(1)

(2)

@)

(4)

(5)

Nominal System | Limited Approach Limited Approach Restricted Approach Prohibited Approach
Voltage Range, | Boundary — Exposed | Boundary — Exposed | Boundary — Includes Boundary
Phase to Phase | Movable Conductor Fixed Circuit Part Inadvertent Movement

Adder
161 kV to 169 11ft8in. | 3.56m 11ft8in. | 3.566m | 41ft3in. 1.29m | 3ft9in. 1.14m
kV
230 kV to 242 13ft0in. | 3.97m 13ft0in. | 3.97m 51t 8in. 1.71m | 5ft2in. 1.57m
kV
345 kV to 362 15ft4in. | 468 m 15ft4in. | 468m 9ft2in. 277m | 8ft8in. 278 m
kv
500 kV to 550 19ft0in. | 5.8 m 19ft0in. | 58m 11 ft 10 in. 3.61m | 11ft4in. 3.54m
kv
765 kV to 800 23ft9in. | 724 m 23ft9in. | 7.24m 151t 11 in. 484m | 15ft5in. 47 m
kv

General Statement. Columns 1 through 5 of Table 130.2(C) all show various distances
from the exposed energized electrical conductors or circuit part. They include
dimensions that are added to a basic minimum air insulation distance. That basic
minimum air insulation distance for voltages 72.5 kV and under are based on
ANSV/IEEE 4-1995, Standard Techniques for High-Voltage Testing, Appendix 2B; and
for voltages over 72.5 kV, are based on ANSI/IEEE 516-1995, Guide for Maintenance
Methods on Energized Power Lines. These minimum air insulation distances required to
avoid flashover are:

Voltage Minimum Air Insulation Distances
300 V and less 0 ft 0.03 in.
Over 300 V, not over 750 V 0 ft 0.07 in.
Over 750 V, not over 2 kV 0ft0.19 in.
Over 2 kV, not over 15 kV 0ft1.5in.
Over 15 kV, not over 36 kV 0ft6.3in.
Over 36 kV, not over 48.3 kV 0ft10.0in.
Over 48.3 kV, notover 72.5kV | 1ft3.0in.
Over 72.5kV, notover 121 kV | 2ft1.2in.
Over 138 kV, not over 145 kV 2ft6.6in.
Over 161 kV, not over 169 kV 3ft0.0in.
Over 230 kV, not over 242 kV 41ft2.4in.
Over 345 kV, not over 362 kV 7 5.8 in.
Over 500 kV, not over 550 kV 10 ft 2.5 in.
Over 765 kV, not over 800 kV 13 ft 10.3 in.

Tab 10 Page 14
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Column No. 1 : The voltage ranges have been selected to group voltages that require
similar approach distances based on the sum of the electrical withstand distance and
an inadvertent movement factor. The value of the upper limit for a range is the
maximum voltage for highest nominal voltage in the range based on ANSI C84.1-
1995, Electric Power Systems and Equipment — Voltage Ratings (60 Hertz). For
single-phase systems, select the range that is equal to the system’s maximum phase-
to-ground voltage times 1.732.

Column No. 2: The distances in this column are based on OSHA'’s rule for unqualified
persons to maintain a 10 ft (3.05m) clearance for all voltages up to 50 kV (voltage-to-
ground), plus 0.4 in. (102 mm) for each 1 kV over 50 kV.

Column No. 3: The distances are based on the following:

750 V and lower, use NEC Table 110-26(a) Working Clearances, Condition 2 for
151-600 V range.

For over 750 V, but not over 145 kV, use NEC Table 110-34(a) Working Space,
Condition 2.

Over 145 kV, use OSHA’s 10 ft (3.05m) rules as used in Column No. 2.

Column No. 4: The distances are based on adding to the flashover dimensions shown
above the following inadvertent movement distance:

300 V and less, avoid contact.
Based on experience and precautions for household 120/240 V systems.
Over 300 V and not over 750 V, add 1 ft 0 in. inadvertent movement.

These values have been found to be adequate over years of use in ANSI C2,
National Electrical Safety Code, in the approach distances for supply workers.

Over 72.5 kV, add 1 ft 0 in. inadvertent movement.

These values have been found to be adequate over years of use in the National
Electrical Safety Code in the approach distances for supply workers.
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17)

Column No. 5: The distances are based on the following:
300 V and less, avoid contact.
Over 300 buf less than 750 V use NEC Table 230-51(c), Clearances.
Between open conductors and surfaces, 600 V not exposed to weather.
Over 750 V but not over 2.0 kV, value selected that fits in with adjacent values.

Over 2 kV but not over 72.5 kV, use NEC Table 490-24, Minimum Clearance of Live
Parts, outdoor phase-to-ground values.

Over 72.5 kV, add O ft 6 in. inadvertent movement.

These values have been found to be adequate over years of use where there has
been a hazard/risk analysis, either formal or informal, of a special work procedure that

allows closer approach than that permitted by the restricted approach boundary
distance.

Create the Arc Flash Hazard Warning Label
The Arc Flash Label lists important information such as Flash Hazard Boundary,
Incident Energy at the given Working Distance, PPE clothing Hazard Risk Category

(HRC), and the shock boundaries for Limited, Restricted, and Prohibited Approaches.
An example of an arc flash warning label is shown below.

Tab 10 Page 16



SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

Arc Flash and Shock Hazard

5Ft5In Fiash Hazard Boundary
2.9 calfem® Flash Hazard at 1 Ft 6 In

Category 3 FR Clothing Minimum Arc Rating of 25 (See
NFPA 130.7(C}(10) for additional PPE}

480 VAC Shock Hazard when cover is removed

o0 Glove Class

3FteIn Limited Approach (Fixed Circuit)

12 1In Restricted Approach

1In Prohibited Approach

03/17/2009 Arc Flash Study Date IEEE 1584-2004a
Equipment iD {Name): PHNL-LP1B (PANEL LP1B}
Protective Device: PNL L.P1B FOR

Scenario 2 - af with 2500kva xfmr
Study Performed By PowerStudies.com (253) 639-8535

Figure 2— Example Arc Flash Label

Figure 3 shows on the next page demonstrates how the four different protective
boundaries are related and change depending upon the type of equipment, voltage
rating, and incident energy used.

Limited Approach Boundary: An approach limit at a distance from an exposed live
electrical conductor or circuit part within which a shock hazard exists. This value is
determined by NFPA 70E (2009) Table 130.2(C).

Prohibited Approach Boundary: An approach limit at a distance from an exposed live
electrical conductor or circuit part within which work is considered the same as making
contact with the electrical conductor or circuit part. This value is determined by NFPA
70E (2009) Table 130.2(C).

Restricted Approach Boundary: An approach limit at a distance from an exposed live
electrical conductor or circuit part within which there is an increased risk of shock, due
to electrical arc over combined with inadvertent movement, for personnel working in
close proximity to the energized electrical conductor or circuit part. This value is
determined by NFPA 70E (2009) Table 130.2(C).

Arc Flash Boundary: When an arc flash hazard exists, an approach limit at a distance

from a prospective arc source within which a person could receive a second degree
burn if an electrical arc flash were to occur. This value is determined by the voltage,
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type of equipment, and the time that the upstream protective device to clear the fault.
The procedure is discussed in detail previously.

NFPA 70E (2209) Section130.3 Exception 1 states that an arc flash hazard analysis
shall not be required where all of the following are met.

1. The circuit is rated 240 Volts or less

2. The circuit is supplied by one transformer

3. The transformer supplying the circuit is rated less than 125 kVA

For these locations, we assume that the Hazard Risk Category is 0 and we print labels
stating as such. These labels also include the similar information as previously
detailed and shown on the sample arc flash label.

A

Boundary
Varies

Restricted Boundary Prohibited Boundary
(Fixed by Voltage) (Fixed by Voltage)

 Prohibited Range

Figure 3 — Arc Flash Boundary Relationship and Determination
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Results

The arc flash calculations show that PPE clothing can be worn to increase personnel
protection for most of the locations. Arc flash warning labels provided for these locations
indicate the PPE required to be worn. The engineer recommends that the arc flash warning
labels be installed on the electrical equipment to warn personnel of the potential hazard.

The following is a list of locations where the available incident energy exceeds 40
Callcm”2. At these locations, the Required Protective FR Clothing Class is displayed as:
“** Dangerous!!! No FR Class Found. Before working on this equipment, the protection
engineer strongly recommends that this equipment be de-energized.

Tab 10 Page 19
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SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

Ways to Reduce Arc Flash Enerqgy

There are many ways to reduce arc flash energies within a facility. The best method is to
de-energize the equipment before work is performed. This reduces the energy level to zero
and then arc flash hazard no longer exists.

In many locations, the obvious solution above can not be implemented. Many times,
breakers must be racked in and out while the equipment is energized. Sometimes, it can
be extremely hazardous or expensive to de-energize or shut down the equipment. For
these locations and facilities, several methods are available to reduce the arc flash energy
levels.

The three major factors that affect the amount of arc flash energy at a particular location
are:

1. Device Operation Time — The time it takes for the upstream device to operate

2. Fault Current — The amount of fault current that will flow through the upstream
protective device and is available at the fault location.

3. Working Distance — The amount of distance between the fault point and the worker.

It is the device operation time that effects the calculations the most, followed by fault
current and working distance. In most cases, concentrating more on time reduction will
result in a greater reduction in arc flash energy.

Many facilities use thermal magnetic trip units in their low voltage circuit breakers. These
breakers have a fixed thermal and adjustable or fixed instantaneous function. - Specifying
breakers with solid state trip units using long, short, instantaneous, and ground fault
functions will increase both equipment protection and coordination between devices.
Tighter coordination between devices will mean a reduction in device operating times and
arc flash energies.

For double ended substations using a bus tie, the mains and bus tie breaker settings can
be set to the same settings. This enables the main to be set with a lower time delay which
will reduce energy levels. Sacrificing the selective coordination between these devices is
minor since most facilities rarely close the bus tie breakers except for maintenance
purposes.

Most modern low voltage switchboards or switchgear can be equipped with trip units that
are zone interlocked. If a fault occurs on the main bus, then the main and tie breakers will
trip instantaneously instead of using the normal delayed coordination settings.

New trip units are being manufactured with maintenance switches. When this trip unit is
switched to maintenance mode, a low instantaneous function is enabled. Should a fault
occur, the breaker will quickly trip and reduce the arc flash hazard downstream. These trip
units are available on new breakers or retrofit kits for old style power circuit breakers.
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Medium voltage relay operating times can be reduced using some of the same techniques
used above for low voltage switchgear. The operating (trip) times can sometimes be
reduced by changing the relay operating curve. These times can also be changed by
reducing the selective coordination safety margin and by selecting a lower time dial setting.

Many newer protective relays have group settings. This allows the relay settings to change
depending upon an input to the relay. A maintenance switch can be added and connected
to the input of one of the relays. When the switch is turned to the on position, it tells the
relay to use a lower set of relay settings. Should a fault occur downstream from the relay,
the relay will trip sooner and reduce the arc flash energy.

Arc flash energy can also be reduced by modification of the work procedures. Examples of

this are listed below:

1. Eliminating paralleling of transformers (reduces fault current and arc flash energy)

2. Eliminating work between Transformer Secondary and Main Breaker. (Normally, the
primary device must sense the fault on the secondary side of the transformer. This
lower level of fault current, seen by the primary devices causes the trip time to be
long. This increased trip time means larger energy levels.

3. Implementing faster trip times for maintenance work (See descriptions in previous
section)

a) Circuit Breakers

b) Relays

C) Using infrared windows for infrared surveys

d) Working at a greater distance

e) Do not stand in front of electrical equipment when operating or inserting
(racking in).

f) Remote breaker racking

Arc Flash hazards exist in every facility. This hazard can be reduced by reviewing types of
equipment used, device operation times, and working distance. Each location must be
analyzed and the best engineered solution determined. In summary, Arc Flash Energy can
be reduced by increasing the worker distance, reducing fault currents, and decreasing the
trip times
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SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

1)

Arc Flash Label
Installation Instructions

Before applying the labels to the equipment, read the important
information listed below.

2) Always clean the surface with detergent to remove all grease

3)

4)

S)

and dirt. Wipe surface dry before applying the label.
Where possible, apply labels at eye level on equipment covers

The labels are CUSTOM MADE and are specific for each piece
of electrical equipment. Each label has an alpha-numeric ID and
Name. The name is shown in parenthesis. Care must be taken
when attaching the labels to the equipment.

a) VERIFY THAT YOU ARE ATTACHING THE
CORRECT LABEL TO THE EQUIPMENT!!!

b) If you are unsure, please contact our office
immediately at 253-639-8535.

Some locations will have a Line Side Label and a bus label.
They should be installed at locations where maintenance staff
could be exposed to energized parts on the line side of a fuse or
circuit breaker. Examples of this are Main Breakers in
Switchboards and Switchgear. Bus labels are for the main bus
of the equipment and are located downstream from the main
breaker (if the main breaker exists). Both the bus ID and name
will be the same. The difference is that a line side label will
state, Line Side 6-DBA MAIN

Tab 12



SR 520 Pontoon Project
Job Number #1001055-3
Revision #C - Date: 6/1/11

a)  Attach the line side label at the main breaker line side.
Usually this is located on the top of the main breaker
but please verify before attaching the label.

b)  Attach the bus label downstream from the main
breaker.

Arc Fla;h/ and éhock i-/lzéra
Appropriate PPE Required

2Ft4in Flash Hazard Boundary

2.5 cal/lcm? Flash Hazard at1 Ft6 In
Category 1 FR Clothing

480 VAC Shock Hazard when cover is removed
00 Glove Class

3Ft61n Limited Approach (Fixed Circuit)
121n Restricted Approach

1in Prohibited Approach

06/19/2008 Arc Flash Study Date [EEE 1584-2004a

Study Performed By PowerStudies.com (253) 639-8535

Figure 4 — Example of Bus Side Label

Arc Flash and Shock Hazard
Appropriate PPE Required

15Ft7In Flash Hazard Boundary

56 cal/cm? Flash Hazard at 1 Ft 6 in

Dangerous! No PPE Exists

480 VAC Shock Hazard when cover is removed

00 Glove Class

3Ft6In Limited Approach (Fixed Circuit}

12 In Restricted Approach Equipme.nt
1in Prohibited Approach i1 (NHZHE)

06/19/2008 Arc Flash Study Date {EEE 1584-2004a

~

Note

"LineSide" = - .
Siudy Performed By PowerStudies.com (253) 639-8535

Figure 5 — Example of Line Side of a Protective Device
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6) Transformers will have two labels provided. One label will be for
the primary and the other label for the secondary. Place the
labels on the appropriate ends (or sides) of the transformer. If
the transformer is a small distribution type (i.e. 480 / 208 V)
place both the primary and secondary labels on the front of the
transformer.

7) Locations where the label will be exposed to direct sun light

should be brought to the attention of PowerStudies.com. We will
provide a special UV resistant label.

Tab 12
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Jun 09, 2011 10:40:42 : Page 1

Project Name: 1001055(Base Project)

ALL INFORMATION PRESENTED IS FOR REVIEW, APPROVAL, INTERPRETATION,
AND APPLICATION BY A REGISTERED ENGINEER ONLY.

SKM DISCLAIMS ANY RESPONSIBILITY AND LIABILITY RESULTING

FROM THE USE AND INTERPRETATION OF THIS SOFTWARE.

CAPTOR (Computer Aided Plotting for Time Overcurrent Reporting)
COPYRIGHT SKM SYSTEMS ANALYSIS, INC. 1983-2007

Device Name: GEN BRK TCC Name:

Bus Name: GEN-1 Bus Voltage: 480.0V
Function Name: Phase

Manufacturer: GE

Description: 70-250A

Type: SFLA, Spectra RMS

AIC Rating: 65kA Fault Duty: 4832.5A
Frame: SFLA 480V 250A Curve Multiplier: 1

Time Multiplier: 1 Time Adder: 0

Trip: 100A

Setting: 1) MAX

Device Name: FOR TO XFMR A1B TCC Name:

Bus Name: PNL-A-1 Bus Voltage: 480.0V
Function Name:  Phase

Manufacturer: GE

Description: 15- 100A

Type: FB, 2 & 3-Pole 480V

AIC Rating: 35kA Fault Duty: 25870.5A
Frame: FBV 480V 70A Curve Multiplier: 1

Time Multiplier: 1 Time Adder: 0

Trip: 70A

Setting: 1) Fixed

Device Name: FOR TO XFMR A1A TCC Name:

Bus Name: PNL-A-1 Bus Voltage: 480.0V
Function Name: Phase

Manufacturer: GE

Description: 70-250A

Type: SFHA, Spectra RMS

AIC Rating: 35kA Fault Duty: 25870. 5A
Frame: SFHA 480V 250A Curve Multiplier: 1

Time Multiplier: 1 Time Adder: 0

Trip: 150A

Setting: 1) MAX

Device Name: FDR TO XFMR A2A TCC Name:

Bus Name: PNL-A-2 : Bus Voltage: 480.0V
Function Name: Phase

Manufacturer: GE

Description: 70-250A

Type: SFHA, Spectra RMS

AIC Rating: 35kA Fault Duty: 14461, 8A
Frame: SFHA 480V 250A Curve Multiplier: 1

Time Multiplier: 1 Time Adder: 0

Trip: 150A

Setting: 1) MAX



Jun 09, 2011

i Device Name:

Bus Name:
Function Name;
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) Fixed

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1} MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

5 Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:

Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) Fixed

10:40:42

FDR TO XFMR A2B
PNL-A-2

Phase

GE

15- 100A

FB, 2 & 3-Pole 480V

35kA

FBV 480V 70A
1

70A

FDR TO ARI COMP
PNL-A-3

Phase

GE

70-250A

SFHA, Spectra RMS
35kA

SFHA 480V 250A

1

250A

FDR TO XFMR A3A
PNL-A-3

Phase

GE

70-250A

SFHA, Spectra RMS
35kA

SFHA 480V 250A

1

150A

FDR TO XFMR B1B
PNL-B-1

Phase

GE

15-100A

FB, 2 & 3-Pole 480V

35kA

FBV 480V 70A
1

T0A

Page 2
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 14461, 8A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 11155.0A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 11155.0A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 16057.2A
Curve Multiplier: 1
Time Adder: 0
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Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) MAX

Device Name:

Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) Fixed

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) MAX

10:40:42

FDR TO XFMR B1A
PNL-B-1

Phase

GE

70-250A

SFHA, Spectra RMS
35kA

SFHA 480V 250A

1

150A

FDR TO XFMR B2A
PNL-B-2

Phase

GE

70-250A

SFHA, Spectra RMS
35kA

SFHA 480V 250A

1

150A

FDR TO XFMR B2B
PNL-B-2

Phase

GE

15-100A

FB, 2 & 3-Pole 480V

35kA

FBV 480V 70A
1

70A

FDR TO XFMR B3A
PNL-B-3

Phase

GE

70-250A

SFHA, Spectra RMS
35kA

SFHA 480V 250A

1

150A

Page 3
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 16057.2A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 9922.5A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 9922.5A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 8874.7A
Curve Multiplier: 1
Time Adder: 0
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7 Device Name:

Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) Fixed

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier
Trip:

Setting; 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer;
Description:
Type:

AIC Rating:

. Frame:

© Time Multiplier:
Trip:

Setting: 1) MAX

10:40:43

FDR TO DISC 100A
PNL-B-8

Phase

GE

15- 100A

FB, 2 & 3-Pole 480V

35kA

FBY 480V 100A
1

100A

FDR TO XFMR B8B
PNL-B-8

Phase

GE

70-250A

SFHA, Spectra RMS
35kA

SFHA 480V 250A

1

150A

FDR TO XFMR B8A
PNL-B-8

Phase

GE

70-250A

SFHA, Spectra RMS
35kA

SFHA 480V 250A

1

200A

Page 4

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier:

Time Adder:

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier:

Time Adder:

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier:

Time Adder:

480.0V

16801.6A
1

16801.6A
1

16801.6A
1
0
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10:40:43

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Sensor:

Plug:

3-SWBD-A MAIN
SWBD-A

Phase

GE

LSI (CB}, 4000AF, UL 489
SS, SH PowerBreak II, EGTU
100kA Override:50 ShortTime:42

SS 480V 4000A
1

4000A

4000A

Setting: 1) LTPU/LTD (0.5-1 x RP
2) STPU (1.5-9 x LTPU)
3) STD (STO1 - ST11)
4) INST (2-9 x RP)

Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Sensor:

Plug:

Ground
GE
GF, 4000AF

SS, SH PowerBreak I & II, EGTU
100kA ShortTime:42

SS 480V 4000A
1

4000A

4000A

Setting: 1) GFPU (0.2-0.6 x §)
2) GFD I2T (1-13 Bands)

1.00X (4000A)C-2

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

4-FDR TO CRANE-1
SWBD-A

Phase

GE

300-1200A

SKLA, Spectra RMS
B5kA

SKLA 480V 800A

1

800A

Page 5
TCC Name: 1-Utility Transformer, Transformer Damage Curve, SWBD-A Main, Feed: ir
Bus Voltage: 480.0V
Fault Duty: 57401.5A
Curve Multiplier: 1
Time Adder: 0
Fault Duty: 57401.5A
Curve Multiplier: 1
Time Adder: 0
TCC Name: 1-Utility Transformer, Transformer Damage Curve, SWBD-A Main, Feeder to Cr

Bus Voltage:

Fault Duty:

Curve Multiplier:

Time Adder:

480.0V

57401.5A

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

FDR TO 800A DISC
SWBD-A

Phase

GE

300-1200A

SKLA, Spectra RMS
B5KkA

SKLA 480V 800A

1

800A

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier:

Time Adder:

57401.5A
1
0
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! Device Name:

Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1} MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

o Time Multiplier:
© Trip:

Setting: 1} MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

10:40:43

FDR TO CRANE-2
SWBD-A

Phase

GE

300-1200A

SKLA, Spectra RMS
65kA

SKLA 480V 800A

1

800A

FDR TO PNL-A-1
SWBD-A

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

350A

FDR TO PNL-A-2
SWBD-A

Phase

GE

125-600A

SGLA, Spectra RMS
B5kA

SGLA 480V 400A

1

350A

FDR TO PNL-A-3
SWBD-A

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

350A

Page 6

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier

Time Adder:

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier:

Time Adder:

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier:

Time Adder:

TCC Name:
Bus Voltage:

Fault Duty:

Curve Multiplier

Time Adder:

57401.5A
1

57401.5A
1

57401.5A
1

57401.5A
1
0
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Device Name: FDR TO PNL-A-4 TCC Name:

Bus Name: SWBD-A Bus Voltage: 480.0V
Function Name: Phase

Manufacturer: GE

Description: 125-600A

Type: SGLA, Spectra RMS

AIC Rating: 65kA Fault Duty: 57401.5A
Frame: SGLA 480V 400A Curve Multiplier: 1

Time Multiplier: 1 Time Adder: 0

Trip: 250A

Setting: 1) MAX

Device Name: FDR TO PNL-A-5 TCC Name:

Bus Name: SWBD-A Bus Voltage: 480.0V
Function Name: Phase

Manufacturer: GE

Description: 125-600A

Type: SGLA, Spectra RMS

AIC Rating: 65kA Fault Duty: 57401.5A
Frame: SGLA 480V 400A Curve Multiplier: t

Time Multiplier: 1 Time Adder: 0

Trip: 250A

Setting: 1) MAX

Device Name: FDR TO PNL-A-8 TCC Name:

Bus Name: SWBD-A Bus Voltage: 480.0V
Function Name: Phase

Manufacturer: GE

Description: 70-250A

Type: SFLA, Spectra RMS

AIC Rating: 65kA Fault Duty: 57401.5A
Frame: SFLA 480V 250A Curve Multiplier: 1

Time Multiplier:; 1 Time Adder: 0

Trip: 100A

Setting: 1) MAX

Device Name: FDR TO PNL-A-ILL TCC Name:

Bus Name: SWBD-A Bus Voltage: 480.0V
Function Name: Phase

Manufacturer: GE

Description: 70-250A

Type: SFLA, Spectra RMS

AIC Rating: 65kA Fault Duty: 57401.5A
Frame: SFLA 480V 250A Curve Multiplier: 1

Time Multiplier: 1 Time Adder: 0

Trip: 70A

Setting: 1) MAX
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Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

% Time Multiplier:

" Trip:

Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

10:40:43

FOR TO XFMR PNLA
SWBD-A

Phase

GE

15- 150A

SELA, Spectra RMS
B5kA

SELA 480V 50A

1

50A

FDR TO ATS
SWBD-B

Phase

GE

70-250A

SFLA, Spectra RMS
B5kA

SFLA 480V 250A

1

100A

FDR TO CRANE3
SWBD-B

Phase

GE

300-1200A

SKLA, Spectra RMS
65kA

SKLA 480V 800A

1

800A

FDR TO CRANE4
SWBD-B

Phase

GE

300-1200A

SKLA, Spectra RMS
B5kA

SKLA 480V 800A

1

800A

Page 8
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 57401.5A
Curve Multiplier; 1
Time Adder: 0
TCC Name:
Bus Voltage: 430.0V
Fault Duty: 56468. 6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468. 6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468. 6A
Curve Multiplier: 1
Time Adder: 0
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Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

10:40:43

FDR TO PNL-B-1
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

250A

FDR TO PNL-B-2
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

250A

FDR TO PNL-B-3
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

350A

FDR TO PNL-B-4
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

250A

Page 9
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468.6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468. 6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468.6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468 . 6A
Curve Multiplier: 1
Time Adder: 0
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7 Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

iii Time Multiplier:

© Trip:
Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:

Trip:
Setting: 1} MAX

10:40:43

FOR TO PNL-B-5
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

250A

FDR TO PNL-B-6
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
B5kA

SGLA 480V 400A

1

250A

FDR TO PNL-B-8
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 400A

1

350A

FDR TO PNL-B-ILL
SWBD-B

Phase

GE

70-250A

SFLA, Spectra RMS
65kA

SFLA 480V 250A

1

70A

Page 10
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468 . 6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468.6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468. 6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468.6A
Curve Multiplier: 1
Time Adder: 0
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Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Trip:

Setting: 1) MAX

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Sensor:

Plug:

10:40:43

FDR TO XFMR PNLB
SWBD-B

Phase

GE

15- 150A

SELA, Spectra RMS
65kA

SELA 480V 50A

1

50A

FDR TO XFMR TRAIL
SWBD-B

Phase

GE

125-600A

SGLA, Spectra RMS
65kA

SGLA 480V 600A

1

600A

SWBD-B MAIN
SWBD-B

Phase

GE

LSI (CB), 4000AF,
SS, SH PowerBreak
100kA Override:50
SS 480V 4000A

1

4000A

4000A

Setting: 1) LTPU/LTD (0.5-1 x RP
2) STPU (1.5-9 x LTPU)
3) STD (ST01 - ST11)
4) INST (2-9 x RP)

Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Frame:

Time Multiplier:
Sensor:

Plug:

Ground

GE

GF, 4000AF

SS, SH PowerBreak

100kA ShortTime:42

SS 480V 4000A
1

4000A

4000A

Setting: 1) GFPU {0.2-0.6 x S)
2) GFD I2T {1-13 Bands)

Page 11
TCC Name:
Bus Voltage: 480.0V
Fault Duty: 56468 . 6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 430.0V
Fault Duty: 56468 . 6A
Curve Multiplier: 1
Time Adder: 0
TCC Name:
Bus Voltage: 480.0V
UL 489
II, EGTU
ShortTime:42 Fault Duty: 56468. 6A
Curve Multiplier: 1
Time Adder: 0
1.00X (4000A}C-2
2X (8000A)
STO1-Min In2 t In
9X (360004)
I&II, EGTU
Fault Duty: 56468, 6A
Curve Multiplier: 1
Time Adder: 0
0.6 (1200A)
GFDO3 122 t In
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10.40:43

Page 12

7 Device Name:

Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Cartridge:

Time Multiplier:

Size:

1-PRIME FUSE A
XFNMR-UTILAP
Phase

COOPER

Ca-C17

Bay-0-Net Current Sensing Fuse Link, 23kV

4kA

353C17 8300V 140A
1

140A

TCC Name:
Bus Voltage:

Fault Duty:
Curve Multiplier:
Time Adder:

1-Utility Transformer, Transformer Damage Curve, SWBD-A Main, Feeder to Cr
12470.0V

1000229, 6A
1
0

Device Name:
Bus Name:
Function Name:
Manufacturer:
Description:
Type:

AIC Rating:
Cartridge:

Time Multiplier:

Size:

PRIME FUSE B
XFMR-UTILBP
Phase
COOPER
C4-C17

Bay-0-Net Current Sensing Fuse Link, 23kV

3kA

353C17 15500V 140A

1
140A

TCC Name:
Bus Voltage:

Fault Duty:
Curve Multiplier
Time Adder:

12470.0V

1000238. 1A
1
0
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HARMONIC STUDY

Harmonics - General

Harmonics are multiples of the fundamental frequency of an electrical power system. If, for
example, the fundamental frequency is 60 Hz, then the 5th harmonic is five times that
frequency, or 300 Hz. Likewise, the 7th harmonic is seven times the fundamental or 420
Hz, and so on for higher order harmonics.

Harmonics can be discussed in terms of current or voltage. A 5th harmonic current is
simply a current flowing at 300 Hz on a 60 Hz system. The 5th harmonic current flowing
through the system impedance creates a 5th harmonic voltage. Total Harmonic Distortion
(THD) sometimes expresses the amount of harmonics. The following is the formula for
calculating the THD for current:

— 0
1
For example...
I1 = current at 60 Hz = 250 Amps
Is = current at 300 Hz = 50 Amps
I7 = current at 420 Hz = 35 Amps
Then...

/V (50”+35 %)
250

TTHp = x 100 =24%

When harmonic currents flow in a power system, they are known as poor “power quality” or
“dirty power”. Other causes of poor power quality include transients such as voltage
spikes, surges, sags, and ringing. Because they repeat every cycle, harmonics are
regarded as a steady-state cause of poor power quality.

Tab 14
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Devices that draw non-sinusoidal currents when a sinusoidal voltage is applied create

harmonics. Frequently these are devices that convert AC to DC. Listed below are some of
these devices.

% Adjustable Speed Drives (ASDs)
% DC Drives

2

% Variable Frequency Drives (VFDs)

9,

%  6-pulse Converters

% Power Rectifiers (e.g., plating systems)

7

% Uninterruptible Power Supplies (UPSs)

These devices use power electronics like SCRs, diodes, and thyristors, which are a

growing percentage of the load in industrial power systems. The majority use a 6-pulse
converter.

Loads, which cause harmonics, do so as a steady-state phenomenon. A snap shot reading

of an operating load, that is suspected to be non-linear, can determine if it is producing
harmonics.

Normally each load would manifest a specific harmonic spectrum. The 6-pulse converter,
for example, is the most common industrial harmonic source. It exhibits a spectrum
starting with the 5th harmonic and decreases in amplitude with increasing frequency
throughout its spectrum.

A switch-mode power supply used for personal computers is another common spectrum. It
has a spectrum starting with the 3rd harmonic and continuing with the triplens as the most
dominant. It is found in commercial applications.

h=3,9,15,21,27, ...

Another common spectrum is produced by large UPS (Uninterruptible Power Supply)
systems which use a 12-pulse converter. They have the following spectrum:

h=np=+1
Where...
h = harmonic numbers of the spectrum
n=1,273,..
P = 12 for a 12-pulse converter
Then...

h=11, 13, 23, 25, 35, 37, ...

Many problems can arise from harmonic currents in a power system. Some problems are 7
easy to detect, others exist and persist because harmonics are not suspected. Higher '

Tab 14
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RMS current and voltage in the system are caused by harmonic currents, which can result
in any of the problems listed below:

* Failed Power Factor Correction Capacitors

 Blown Fuses (no apparent fault)

 Misfiring of AC and DC Drives

* Worn Conductor Insulation

* Overheated Transformers

* Tripped Circuit Breakers

» Overheated Conductors ‘
A big problem is overheating transformers. Just a 10°C rise in the temperature of
transformers, motors, or capacitors can reduce equipment life by 50%. Harmonic currents
have higher frequencies. They travel toward the outside (skin effect) of the conductors,
resulting in insulation breakdown.

One of the most common problems for industrial power users is meeting the IEEE standard
519-1992. This standard was developed for utility companies and their customers to limit
harmonic content and provide all users with better power quality. See Tables 1 and 2 for
some key areas of this standard.

Voltage Distortion Limits

Individual Total Voltage

Voltage Distortion THD
Bus Voltage at PCC* Distortion (%) (%)
69 kV and below 3.0 5.0
69.001 kV trough 161 kV 1.5 2.5
161.001 kV and above 1 1.5

NOTE: High-voltage systems can have up to 2% THD where the
cause is an HVDC terminal that will attenuate by the time it is
tapped for a user.

*PCC is Point of Common Coupling

Current Distortion Limits for General Distribution Systems
End-User (120 Volts through 69,000 Volts)

Maximum harmonic Current Distortion in % of IL
Individual Harmonic Order (Odd Harmonics)

Isc/lc <11 <11zh<17 | 17<h<23 | 23<h<35 35<h TDD
<20* 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 55 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 25 1.4 20.0

Harmonics are limited to 25% of the odd harmonic limits above
Current distortions that cause a dc offset, i.e., half-wave converters, are not allowed
*All power generation equipment is limited to these values of current distortion, regardless of the

Tab 14
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actual I /1,

Where:

Isc = maximum short-circuit current at PCC**

I.= maximum demand load current (fundamental frequency component) at PCC
**PCC is Point of Common Coupling

Harmonics Calculation Program

The harmonic study was performed using the SKM Power Tools HIWAVE program. The
program calculates the voltage and current THD% for multiple sources on a bus or system.
The THD% values are then compared to the IEEE 519-1992 Standards. The intent is to
not exceed these standards. The program also plots the distortion waveform and harmonic
spectrum of voltage and current at the PCC.

Harmonics Modeling & Assumptions

The Harmonic study was performed to analyze the harmonic voltages and currents that
were most likely to be produced on the power distribution system due to the operation of
non-linear load. The study data was based on the harmonic configuration shown on the
one-line diagram. At the time of the study, the engineer had not received any submittals for
the Variable Frequency Drives associated with the cranes. Therefore, the engineer assumed
the VFDs were typical 6 or 12 pulse devices.

% In Scenario 1, the engineer ran the calculation with the assumption that a typical 6
pulse drive with both cranes running at each switchboard.

% In Scenario 2, the engineer ran the calculation with the assumption that a typical 12
pulse drive with both cranes running at each switchboard.

Results
Table 1 & 2 shows the voltage and current THD% at the point of common couplings.

Voltage and current waveforms for the most significant locations/branches can be found
under the harmonic computer printouts tab.

Bus Voltage THD% | Bus Voltage THD%
Bus (Scenario 1) (Scenario 2) V_THD % IEEE — 519
Switchboard A 4.7 1.4 5
Switchboard B 5.0 1.5 5

Table 1: Bus Voltage THD
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Current THD% Current THD%
Bus (Scenario 1) (Scenario 2) | THD % IEEE — 519
Switchboard A 19.4 3.0 8
Switchboard B 12.1 1.9 8

As can be seen from the tables above, the total voltage harmonic distortions are below the
IEEE - 519 limits for either scenario. The total current harmonic distortions are above IEEE

Table 2: Current THD

— 519 limits under scenario 1 but meets IEEE — 519 limits under scenario 2.

The engineer recommends using a typical 12 pulse Variable Frequency Drive in order to

meet [EEE — 519 requirements.
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The following graphs show the distortion waveform and harmonic spectrum of voltage and
current at the Switchboards for the study case.
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Harmonic Results — Scenario 1
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HI_WAVE Study Setup Options for Frequency Scan
Scan Impedance Option:
Use Positive Sequence Network:
Use Negative Sequence Network:
Use Zero Sequence Network:
Model Transformer Tap:
Model Transformer Phase Shift:
Report Bus Equivalent Impedance:
Number of Scan Steps Per Order:

HI_WAVE Study Setup Options for Distortion
Use Positive Sequence Network:
Use Negative Sequence Network:
Use Zero Sequence Network:
Model Transformer Tap:
Model Transformer Phase Shift:
Fundamental Solution:
Report Option:
Current Limits:

Jun 03, 2011 11:32:05 Page 2
STUDY CRITERIA

Studies Selected To Run:
Load Flow: Yes
Frequency Scan: Yes
Harmonic Distortion: Yes

Load Flow Study Setup Options

Utility Impedance: Yes
Transformer Phase Shift: Yes
Solution Method: Exact
Load Specification: Connected Load
Generation Acceleration Factor: 1.00
Load Acceleration Factor: 1.00
Bus Voltage Drop: 5,00
Branch Voltage Drop: 3.00

HI_WAVE Study Setup Options
Fundamental Frequency: 60 Hz
Max. Harmonic Order: 50
Include Triplet Harmonics Path {Static Load): No
Include Triplet Harmonics Path {Ind. Motor): No
Modify Motor Z by Load Factor (Ind. Motor): Yes
Modify Load Z by Load Factor {Static Load): Yes

Scan Self Impedance
Yes

Yes

No

Yes

Yes

No

1

Yes

Yes

Yes

Yes

Yes

Use Load Flow Result

All Distortions and Violations

IEEE 519-1996 Std, Current Distortion Limit Table 3.2
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LOADS AND MOTORS WITH HARMONIC SOURCE MODELS
Bus Name Voltage Component Name | LF Current Harmonic Library
CRANE-1 480| VFD-CRANE1 635.4| Typical 6 Pulse
CRANE-2 480| VFD-CRANE2 635.4| Typical 6 Pulse
CRANE-3 480| VFD-CRANE3 651.6| Typical 6 Pulse
CRANE- 4 480( VFD-CRANE4 651.6| Typical 6 Pulse
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HARMONIC SOURCE

Typical 6 Pulse

Order| Magnitude Angle
{%)| (Degrees)

1 100.000 -12.60

5 37.600 107.40

7 12.600 -126.90
1 7.000 -93.20
13 3.400 -50.20
17 2.900 15.90
19 1.700 45,00

Page 4
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HARMONIC SOURCE INBDEX TABLE

HARMONIC SOURCES HAVE BEEN FOUND AND INJECTED FOR EACH OF
THE FOLLOWING HARMONIC ORDERS

5 7 11 13 17 19
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PASSIVE FILTER DATA
Filter Bus Bus Rated |Connect Filter |Capacitor|Tuned R L C
Name Name Voltage | Voltage Type KVAR  |Order () (H) (uF)

NO FILTER
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ULTILITY, GENERATOR AND MOTOR DATA
Component Component Bus Bus Base Base R1{pu) X1(pu)
Name Type Name Voltage | Voltage KVA R2 X2
RO X0
UTIL-PUDA UTILITY XFMR-UTILAP 12470 12470 100000 0.0009 0.0045
0.0009 0.0045
0.0009 0.0045
UTIL-PUDB UTILITY XFMR-UTILBP 12470 12470 100000 0.0009 0.0045
0.0009 0.0045
0.0009 0.0045
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TOTAL VOLTAGE DISTORTION
Bus Name Voltage V_RMS(V) V_TIF V_THD (%) TEEE-519

ATS-B-7 480 445.78 83.8589 5.0038
BUS-0099 480 458.43 129.7965 7.7712
BUS-0100 480 458.46 131.4890 7.8734
BUS-0101 480 447 .37 144.3220 8.6552
BUS-0102 480 447 .37 144.3220 8.6552
CRANE- 1 480 458,43 129.7967 7.7712
CRANE-2 480 458 .46 131.4892 7.8734
CRANE-3 480 447.37 144.3222 8.6552
CRANE- 4 480 447 .37 144,3222 8.6552
DISC- 100ABP 480 448,83 83,1845 4.9667
DISC-800ABP 480 466.98 79.6340 4.7477
PNL-A-1 480 465.91 79.5887 4.7452
PNL-A- 1A 240 223.49 79.5576 4.7426
PNL-A- 1B 208 195.33 79.6196 47461
PNL-A-2 480 464.43 79.5299 4.7421
PNL-A-2A 240 222.72 79.5213 4.7408
PNL-A-2B 208 194.66 79.5784 4.7440
PNL-A-3 480 458.26 77.0596 4.5940
PNL-A-3A 240 219.50 77.1437 4.5983
PNL-A-4 480 458.18 79.7287 4.7536
PNL-A-5 480 456.41 79.4508 4.7383
PNL-A-6 480 465.63 79.6896 4.7509
PNL-A-BLD 208 200.68 79.6656 4.7489
PNL-A-ILL 480 466.79 79.6547 4.7488
PNL-B-1 480 454 .65 83.5372 4.9858
PNL-B-1A 240 217.61 83.6910 4.9942
PNL-B-1B 208 190.27 83.7162 4.9954
PNL-B-2 480 452.62 83.5983 4.9895
PNL-B-2A 240 216.55 83.7874 5.0000
PNL-B-2B 208 189.36 83.8051 5.0008
PNL-B-3 480 446.78 83.0777 4.9610
PNL-B-3A 240 213.48 83.3691 4.9776
PNL-B-4 480 446.17 82.5199 4,9238
PNL-B-5 480 450.31 83.5894 4,9890
PNL-B-6 480 446,66 83.2097 4.,9683
PNL-B-7 480 445.40 83.9043 5.0065
PNL-B-8 480 448,83 83,1845 4.9667
PNL-B-8A 240 208.21 83.4515 4.9844
PNL-B-8B 240 214.84 83.4847 4.,9840
PNL-B-8C 240 207.07 83.7342 5.0009
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TOTAL VOLTAGE DISTORTION
Bus Name Voltage V_RMS{V}) V_TIF V_THD(%) IEEE-519
PNL-B-BLD 208 194.88 83.6086 4.9888
PNL-B-ILL 480 456,88 83.5003 4.9834
PNL-TRAIL1 208 191.12 81.1632 4.8531
PNL-TRAIL2 208 191.12 81.1632 4.8531
SWBD-A 480 466.98 79.6340 4.74717
SWBD-B 480 457.12 83.4712 4.9818
XFMR- 1AP 480 466.96 79.6364 4.7478
XFMR- 1AS 208 200.70 79.6615 4.7487
XFMR- 1BP 480 457.09 83.4762 4.9820
XFMR-1BS 208 194.91 83.5997 4.9883
XFMR-2BP 480 456.87 83,4705 4.9817
XFMR-2BS 208 191.35 81.1719 4.8537
XFMR-A1AP 480 465.71 79.6043 4.7461
XFMR-A1AS 240 223.78 79.5476 4.7421
XFMR-A1BP 480 465.60 79.6269 4.7414
XFMR-A1BS 208 195.75 79.5415 4.7417
XFMR-A2AP 480 464,23 79.5458 4.7430
XFMR-A2AS 240 223.00 79.5106 4.7403
XFMR-A2BP 480 464,12 79.5684 4.7443
XFMR-A2BS 208 195.08 79.4992 4.7396
XFMR-A3AP 480 458.06 77.0758 4.5949
XFMR-A3AS 240 219.79 77.1304 4.5976
XFMR-B1AP 480 454 .45 83.5554 4.9868
XFMR-B1AS 240 217.90 83.6747 4.9933
XFMR-B1BP 480 454 .33 83.5802 4.9882
XFMR-B1BS 208 190.70 83.6245 4.9903
XFMR-B2AP 480 452.42 83.6169 4.9905
XFMR-B2AS 240 216.84 83.7699 4.9990
XFMR-B2BP 480 452.31 83.6419 4.9920
XFMR-B2BS 208 189.80 83.7115 4.9956
XFMR-B3AP 480 446 .57 83.0972 4.9621
XFMR-B3AS 240 213.78 83.3485 4.9785
XFMR-BBAP 480 443,69 83.2641 4.9722
XFMR-BBAS 240 208.61 83.4297 4.,9832
XFMR-B8BP 480 448.48 83.2173 4.9686
XFMR-B8BS 240 216.23 83.3915 4.9784
XFMR-UTILAP 12470 12469.28 0.5218 0.0089 5.0
XFMR-UTTLAS 480 467.68 76.6485 4.5688
XFMR-UTILBP 12470 12468.76 0.5219 0.0089 5.0
XFMR-UTILBS 480 459.07 78.2645 4.6695
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VOLTAGE DISTORTION SUMMARY

Bus Name

Voltage

V_RMS({V)

V_TIF

V_THD (%)

IEEE-518
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT K I_THD(%) | IEEE-519
From/To From/To Tot/Harm | Tot/Harm
UTIL-PUDA XFMR-UTILAP 12470 82.75 0.001 0.029| 11192.42 2.17 19.40
12470 0.001 0.029
UTIL-PUDB XFMR-UTILBP 12470 131.52 0.001 0.029] 11219.75 1.46 12.11
12470 0.001 0.029
TO PNL-B-7 ATS-B-7 480 92.57 0.064 0.015 840.92 1.01 1.28
PNL-B-7 480 0.000 0.000
VFD-CRANE1 BUS-0099 480 668.49 0.000 0.000}{ 147564.48 4.10 32.68
CRANE-1 480 0.000 0.000
VFD-CRANE2 BUS-0100 480 670.79 0.000 0.000| 152730.39 4.30 33.83
CRANE-2 480 0.000 0.000
VFD-CRANE3 BUS-0101 480 687.23 0.000 0.000| 155233.89 4,25 33.52
CRANE-3 480 0.000 0.000
VFD-CRANE4 BUS-0102 480 687.23 0.000 0.000| 155233.89 4.25 33.52
CRANE-4 480 0.000 0.000
TO XFMR-A1AP PNL-A-1 480 62.07 0.021 0.008 520.30 1.00 1.15
XFMR-ATAP 480 0.000 0.000
TO XFMR-A1BP PNE-A-1 480 42.70 0.025 0.004 364.26 1.00 1.17
XFMR-A1BP 480 0.000 0.000
TO XFMR-A2AP PNL-A-2 480 62.29 0.021 0.008 518.27 1.00 1.14
XFMR-A2AP 480 0.000 0.000
TO XFMR-A2BP PNL-A-2 480 42,85 0.026 0.004 362.85 1.00 1.16
XFMR-A2BP 480 0.000 0.000
TO XFMR-A3AP PNL-A-3 480 63.20 0.022 0.008 495,62 1.00 1.08
XFMR-A3AP 480 0.000 0.000
TO XFMR-B1AP PNL-B-1 480 63.76 0.022 0.008 533.00 1.00 1.15
XFMR-B1AP 480 0.000 0.000
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT K I_THD(%) | IEEE-519
From/To From/To Tot/Harm | Tot/Hamm
TO XFMR-B1BP PNL-B-1 480 43.84 0.027 0.004 373.16 1.00 1.17
XFMR-B1BP 480 0.000 0.000
T0 XFMR-B2AP PNL-B-2 480 64.07 0.022 0.008 531.03 1.00 1.14
XFMR-B2AP 480 0.000 0.000
TO XFMR-B2BP PNL-B-2 480 44.05 0.027 0.004 371.78 1.00 1.16
XFMR-B2BP 480 0.000 0.000
TO XFMR-B3AP PNL-B-3 480 64.99 0.023 0.008 521.02 1.00 1.10
XFMR-B3AP 480 0.000 0.000
TO DISC-100ABP |PNL-B-8 480 0.00 0.000 0.000 0.00 0.00 0.00
DISC- 100ABP 480 0.000 0.000
TO XFMR-BBAP PNL-B-8 480 113.32 0.703 0.740 864.25 1.00 1.05
XFMR-BBAP 480 0.000 0.000
TO XFMR-B8BP PNL-B-8 480 54.78 0.032 0.012 445.40 1.00 1.12
XFMR-B8BP 480 0.000 0.000
TO CRANE-1 SWBD-A 480 668.49 8.127 12.318] 147564.48 4.10 32.68
BUS-0099 480 0.763 4 566
TO CRANE-2 SWBD-A 480 670.79 8.182 12.644| 152730.39 4.30 33.83
) BUS-0100 480 0.817 4,892
! TO DISC-800ABP |SWBD-A 480 0.00 0.000 0.000 0.00 0.00 0.00
DISC-800ABP 480 0.000 0.000
TO PNL-A-1 SWBD-A 480 104.78 0.116 0.167 884.56 1.00 1.16
PNL-A-1 480 0.000 0.000
TO PNL-A-2 SWBD-A 480 105. 14 0.279 0.401 881.12 1.00 1.15
PNL-A-2 480 0.000 0.000
TO PNL-A-3 SWBD-A 480 244.33 2.257 3.257 4377.83 1.02 2.51
PNL-A-3 480 0.001 0.011
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS(A) kNLoss kVARLoss 1T K I_THD(%) | IEEE-519

From/To From/To Tot/Harm | Tot/Harm

TO PNL-A-4 SWBD-A 480 166.53 1.994 1.570 1469.61 1.00 1.21
PNL-A-4 480 0.000 0.001

TO PNL-A-5 SWBD-A 480 167.18 2.135 2,249 1458.95 1.00 1.20
PNL-A-5 480 0.000 0.002

TO PNL-A-6 SWBD-A 480 10,18 0.021 0.011 92.72 1.01 1.25
PNL-A-6 480 0.000 0.000

TO PNL-A-ILL SWBD-A 480 37.98 0.013 0.003 347.52 1.01 1.26
PNL-A-TLL 480 0.000 0.000

TO XFMR-1AP SWBD-A 480 5.12 0.000 0.000 46.10 1.00 1.24
XFMR- 1AP 480 0.000 0.000

T0 ATS-B-7 SWBD-B 480 92,57 1.516 1.002 840.92 1.01 1.28
ATS-B-7 480 0.000 0.001

TO CRANE-3 SWBD-B 480 687.23 9.658 14.854{ 155233.89 4.25 33.52
BUS-0101 480 0.946 5.683

TO CRANE-4 SWBD-B 480 687.23 3.658 14.854( 155233.89 4,25 33.52
BUS-0102 480 0.946 5.683

TO PNL-B-1 SWBD-B 480 107.60 0.362 0.285 906. 15 1.00 1.16
PNL-B-1 480 0.000 0.000

TO PNL-B-2 SWBD-B 480 108.13 0.661 0.521 902.81 1.00 1.15
PNL-B-2 480 0.000 0.000

TO PNL-B-3 SWBD-B 480 235.79 2.531 3.645 2014.65 1.00 1.18
PNL-B-3 480 0.000 0.003

TO PNL-B-4 SWBD-B 480 202.98 3.027 2.386 2943.62 1.01 2.04
PNL-B-4 480 0.001 0.005

TO PNL-B-5 SWBD-B 480 169.46 1.571 1.237 1514.50 1.00 1.23
PNL-B-5 480 0.000 0.001
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT K I_THD(%) | IEEE-519

From/To From/To Tot/Harm | Tot/Harm

TO PNL-B-6 SWBD-B 480 170.85 2.023 2.453 1495.61 1.00 1.20
PNL-B-6 480 0.000 0.002

TO PNL-B-8 SWBD-B 480 423.12 3.639 5.240 3563, 12 1.00 1.16
PNL-B-8 480 0.000 0.004

TO PNL-B-ILL SWBD-B 480 48.79 0.022 0.004 448.35 1.01 1.26
PNL-B-ILL 480 0.000 0.000

TO XFMR- 1BP SWBD-B 480 9.77 0.001 0.000 87.10 1.00 1.23
XFMR- 1BP 480 0.000 0.000

TO XFMR-TRAILP |SWBD-B 480 523.48 0.156 0.165 4360.38 1.00 1.15
XFMR- 2BP 480 0.000 0.000

XFMR- 1A XFMR- 1AP 480 5.12 0.027 0.020 46.10 1.00 1.24
XFMR- 1AS 208 0.000 0.000

TO PNL-A-BLD XFMR- 1AS 208 11.81 0.000 0.000 106.38 1.00 1.24
PNL-A-BLD 208 0.000 0.000

XFMR- 1B XFMR- 1BP 480 9.77 0.099 0.073 87.10 1.00 1.23
XFMR- 1BS 208 0.000 0.000

TO PNL-B-BLD XFMR- 1BS 208 22.55 0.002 0.000 201.00 1.00 1.23
ST PNL-B-BLD 208 0.000 0.000

b : XFMR-2B XFMR- 2BP 480 523.48 3.341 18.270 4360.38 1.00 1.15
XFMR - 2BS 208 0.001 0.013

TO PNL-TRAIL1 XFMR- 2BS 208 604.02 0.165 0.186 5031.21 1.00 1.15
PNL-TRAIL1 208 0.000 0.000

TO PNL-TRAIL2 XFMR- 2BS 208 604.02 0.165 0.186 5031.21 1.00 1.15
PNL-TRAIL2 208 0.000 0.000

XFMR-ATA XFMR-ATAP 480 62.07 1.438 1.332 520.30 1.00 1.15
XFMR-ATAS 240 0.000 0.001
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TOTAL CURRENT DISTORTIGON
Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT I_THD{%) | IEEE-519

From/To From/To Tot/Harm | Tot/Harm

TO PNL-A-1A XFMR-A1AS 240 124.15 0.048 0.038 1040.59 .00 1.15
PNL-A-1A 240 0.000 0.000

XFMR-A1B XFMR-A1BP 480 42.70 0.756 0.701 364.26 .00 1.17
XFMR-A1BS 208 0.000 0.001

TO PNL-A-1B XFMR-A1BS 208 98.54 0.070 0.026 840.61 .00 1.17
PNL-A- 1B 208 0.000 0.000

XFMR-A2A XFMR-A2AP 480 62.29 1.448 1.342 518.27 .00 1.14
XFMR-AZAS 240 0.000 0.001

TO PNL-A-2A XFMR-AZAS 240 124 .58 0.049 0.038 1036.55 .00 1.14
PNL-A-2A 240 0.000 0.000

XFMR-A2B XFMR-A2BP 480 42.85 0.762 0.705 362.85 .00 1.16
XFMR-AZBS 208 0.000 0.001

TO PNL-A-2B XFMR-AZBS 208 98.88 0.071 0.026 837.34 .00 1.16
PNL-A-2B 208 0.000 0.000

XFMR-A3A XFMR- A3AP 480 63.20 1.491 1.381 495,62 .00 1.08
XFMR-A3AS 240 0.000 0.001

TO PNL-A-3A XFMR-A3AS 240 126.40 0.050 0.039 991.23 .00 1.08
PNL-A-3A 240 0.000 0.000

XFMR-B1A XFMR-B1AP 480 63.76 1.518 1.408 533.00 .00 1.15
XFMR-B1AS 240 0.000 0.001

TO PNL-B-1A XFMR-B1AS 240 127.52 0.051 0.040 1066. 00 .00 1.15
PNL-B-1A 240 0.000 0.000

XFMR-B1B XFMR-B1BP 480 43.84 0.797 0.739 373.16 .00 1.17
XFMR-B1BS 208 0.000 0.001

TO PNL-B-1B XFMR-B1BS 208 101.18 0.074 0.027 861.13 .00 1.17
PNL-B-1B 208 0.000 0.000
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT I_THD(%) | IEEE-519
From/To From/Te Tot/Haxm | Tot/Harm
XFMR-B2A XFMR-B2AP 480 64.07 1.533 1.420 531.03 .00 1.14
XFMR-B2AS 240 0.000 0.001
TO PNL-B-2A XFMR-BZAS 240 128.15 0.051 0.040 1062.06 .00 1.14
PNL-B-2A 240 0.000 0.000
XFMR-B2B XFMR-B2BP 480 44.05 0.805 0.746 371.78 .00 1.16
XFMR-B2BS 208 0.000 0.001
TO PNL-B-2B XFMR-B2BS 208 101.66 0.075 0.027 857.95 .00 1.16
PNL-B-2B 208 0.000 0.000
XFMR-B3A XFMR-B3AP 480 64.99 1.577 1.481 521.02 .00 1.10
XFMR-B3AS 240 0.000 0.001
TO PNL-B-3A XFMR-B3AS 240 129.98 0.053 0.042 1042.04 .00 1.10
PNL-B-3A 240 0,000 0.000
XFMR-B8A XFMR-B8AP 480 113.32 3.551 3.907 864.25 .00 1.05
XFMR-BBAS 240 0.001 0.002
TO PNL-B-8A XFMR-BBAS 240 193.13 0.099 0.092 1474.64 .00 1.05
PNL-B-8A 240 0.000 0.000
TO PNL-B-8C XFMR-BBAS 240 33.50 0.084 0.036 253.87 .00 1.04
PNL-B-8C 240 0.000 0.000
XFMR-B8B XFMR-B8BP 480 54,78 1.120 1.038 445.40 .00 1.12
XFMR-B8BS 240 0.000 0.001
TO PNL-B-8B XFMR-B8BS 240 109.57 0.206 0.163 890.81 .00 1.12
PNL-B-8B 240 0.000 0.000
XFMR-UTILA XFMR-UTILAP 12470 82.75 9.401 84,108 11192.42 17 19.40 20.0
XFMR-UTILAS 480 0.695 14,458
TO SWBD-A XFMR-UTILAS 480 2149.81 1.611 3.146) 290769.63 A7 19.40
SWBD-A 480 0.075 0.541
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TOTAL CURRENT DISTORTION

Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT K I_THD{%) | IEEE-519
From/To From/To Tot/Harm | Tot/Harm
XFMR-UTILB XFMR-UTILBP 12470 131,52 23.189 194.4671 11219.75 1.46 12.11 20.0
XFMR-UTILBS 480 0.699 14.554
TO SWBD-B XFMR-UTILBS 480 3416.71 6.700 12.076] 291479.69 1.46 2.1
SWBD-B 480 .11 0.904

TOTAL SYSTEM POWER LOSSES
Harmonic Losses Total RMS Losses
P{ kW) 0{kVAR) P (kW) Q(kVAR)
15.02 58.82 131.42 416.92
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CURRENT DISTORTION SUMMARY
Device Name Bus Name Voltage | I_RMS({A) kWLoss kVARLoss IT I_THD(%) | IEEE-519
From/To From/To Tot/Harm | Tot/Harm
NO VIOLATION
TOTAL SYSTEM POWER LOSSES
Harmonic Losses Total RMS Losses
P (kW) Q{kVAR) P{kW) Q{ kVAR)
15.02 58.82 131.42 416.92
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HARMONIC VOLTAGE SPECTRUM REPORT

Bus:  SWBD-A (480V)

Harmonic Harmonic Phase |Distortion| IEEE-519
Order Voltages Angle Percent Limit
1 466,452 -31.78
5 17.840 118.71 3.825
7 8.366 141.95 1.794
1 7.303 -29.53 1.566
13 4.192 -89.16 0.899
17 4.676 131.67 1.003
19 3.064 58.13 0.657
Voltage: 480.0 V_RMS: 466.98 V_THD(%): 4.75

IEEE-519 LIMIT (THD%):

HARMONIC VOLTAGE SPECTRUM REPORT

Bus:  SWBD-B (480V)

Harmonic Harmonic Phase [Distortion| IEEE-519
Order Voltages Angle Percent Limit
1 456. 556 -32.84
5 18.330 112.78 4.015
7 8.589 133.93 1.881
1 7.494 -41.85 1.641
13 4.301( -103.66 0.942
17 4,798 112.79 1.051
19 3.144 37.05 0.689
Voltage: 480.0 V_RMS: 457.12 V_THD{%): 4.98

IEEE-519 LIMIT (THD%):

Page 20
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HARMONIC CURRENT SPECTRUM REPORT

Device Name: TO SWBD-A

From: XFMR-UTILAS (480V)
To: SWBD-A (480V)
PCC does not exist.
Harmonic Harmonic Phase |Distortion| IEEE-519
Order Amperes Angle Percent Limit
1 2110.447 -65.44
5 379.708 -148.33 17.992
7 127.206 -125.26 6.027
11 70.657 63.30 3.348
13 34.318 3.75 1.626
17 29.270] -135.23 1.387
19 17.158 151.33 0.813
Voltage: 480.0 I_RMS: 2149.81 I_THD({%): 19.40
kWLoss: 1.611 kVARLoss : 3.146

I_K: 2.17 IEEE-519 LIMIT (THD%):
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HARMONIC CURRENT SPECTRUM REPORT

Device Name: TO SWBD-B

From: XFMR-UTILBS (480V)
To: SWBD-B {480V)
PCC does not exist.
Harmonic Harmonic Phase |Distortion| IEEE-519
Order Amperes Angle Percent Limit
1 3391.917 -68.08
5 381.042| -154.18 11.234
7 127.565| -133.24 3.761
11 70.825 50.98 2.088
13 34,397 -10.76 1.014
17 29.335] -154.15 0.865
19 17. 196 130.21 0.507
Voltage: 480.0 I_RMS: 3416.71 I_THD(%): 12.11
kWLoss: 6.700 kVARLoss: 12.076

IK: 1.46 IEEE-519 LIMIT (THD%):




Harmonic Results — Scenario 2
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STUDY CRITERTIA

Studies Selected To Run:

lLoad Flow: Yes

Frequency Scan: Yes

Harmonic Distortion: Yes
Load Flow Study Setup Options

Utility Impedance: Yes

Transformer Phase Shift: Yes

Solution Method: Exact

Load Specification:

Connected Load

Generation Acceleration Factor: 1.00

Load Acceleration Factor: 1.00

Bus Voltage Drop: 5.00

Branch Voltage Drop: 3.00
HI_WAVE Study Setup Options

Fundamental Frequency: 60 Hz

Max. Harmonic Order: 50

Include Triplet Harmonics Path (Static Load): No
Include Triplet Harmonics Path {Ind. Motor): No
Modify Motor Z by Load Factor (Ind. Motor): Yes
Modify Load Z by Load Factor (Static Load): Yes

HI_WAVE Study Setup Options for Frequency Scan

Scan Impedance Option: Scan Self Impedance

Use Positive Sequence Network: Yes
Use Negative Sequence Network: Yes
- Use Zero Sequence Network: No
Sy Model Transformer Tap: Yes
' Model Transformer Phase Shift: Yes
Report Bus Equivalent Impedance: No

Number of Scan Steps Per Order: 1

HI_WAVE Study Setup Options for Distortion

Use Positive Sequence Network: Yes
Use Negative Sequence Network: Yes
Use Zero Sequence Network: Yes
Model Transformer Tap: Yes
Model Transformer Phase Shift: Yes

Fundamental Solution:
Report Option:
Current Limits:

Use Load Flow Result
All Distortions and Violations

IEEE 519-1996 Std, Current Distortion Limit Table 3.2
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LOADS AND MOTORS WITH HARMONIC SOURCE MODELS
Bus Name Voltage Companent Name | LF Current Harmonic Library
CRANE- 1 480 VFD-CRANE1 635.4| Typical 12 Pulse
CRANE-2 480| VFD-CRANE2 635.4| Typical 12 Pulse
CRANE-3 480| VFD-CRANE3 651.6| Typical 12 Pulse
CRANE- 4 480 VFD-CRANE4 651.6 Typical 12 Pulse
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HARMONIC SOURCE
Typical 12 Pulse

Order| Magnitude Angle
{%)| (Degrees)
1 100. 000 0.00
5 2.600 0.00
7 1.600 0.00
M 4,500 0.00
13 2.900 0.00
17 0.200 0.00
19 0.100 0.00
23 0.900 0.00
25 0.800 0.00

Page 4



Jun 03, 2011 13:26:41 Page 5

HARMONIC SOURCE INDEX TABLE

HARMONIC SOURCES HAVE BEEN FOUND AND INJECTED FOR EACH OF
THE FOLLOWING HARMONIC ORDERS

5 7 11 13 17 19 23 25
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PASSIVE FILTER DATA
Filter Bus Bus Rated |Connect Filter |[Capacitor|Tuned R L C
Name Name Voltage | Voltage Type KVAR [Order (Q) (H) (nF)

NO FILTER
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ULTILITY, GENERATOR AND MOTOR DATA
Component Component Bus Bus Base Base R1{pu) Xt{pu)
Name Type Name Voltage | Voltage KVA R2 X2
RO X0
UTIL-PUDA UTILITY XFMR-UTILAP 12470 12470 100000 0.0009 0.0045
0.0009 0.0045
0.0009 0.0045
UTIL-PUDB UTILITY XFMR-UTILBP 12470 12470 100000 0.0009 0.0045
0.0009 0.0045
0.0009 0.0045
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TOTAL VOLTAGE DISTORTION
Bus Name Voltage V_RMS(V) V_TIF V_THD({%) IEEE-519

ATS-B-7 480 445,28 54,2965 1.5159
BUS-0099 480 457.17 84.1562 2.3510
BUS-0100 480 457.18 85,2595 2.3818
BUS-0101 480 445 .86 93.6300 2.6162
BUS-0102 480 445 .86 93.6300 2.6162
CRANE- 1 480 457.17 84.1564 2.3510
CRANE-2 480 457.18 85,2597 2.3818
CRANE-3 480 445,86 93.6301 2.6162
CRANE-4 480 445,86 93.6301 2.6162
DISC- 100ABP 480 448.33 53.8571 1.5038
DISC-800ABP 480 466.50 51.6577 1.4392
PNL-A-1 480 465 .44 51.5282 1.4384
PNL-A-1A 240 223.21 51.5105 1.4378
PNL-A-1B 208 195.13 51.5507 1.4389
PNL-A-2 480 463.95 51,4898 1.4374
PNL-A-2A 240 222.49 51.4867 1.4371
PNL-A-2B 208 194 .46 51,5237 1.4382
PNL-A-3 480 457.82 49,8877 1.3926
PNL-A-3A 240 219.29 49.9447 1.3941
PNL-A-4 480 457.71 51.6190 1.4410
PNL-A-5 480 45594 51.4380 1.4360
PNL-A-6 480 465.15 51,5939 1.4402
PNL-A-BLD 208 200.47 51.5793 1.4398
PNL-A-ILL 480 466.31 51.5712 1.4396
PNL-B-1 480 454.14 54,0871 1.5101
PNL-B-1A 240 217.38 54,1896 1.5128
PNL-B-1B 208 190.06 54,2059 1.5133
PNL-B-2 480 45211 b4, 1267 1.5112
PNL-B-2A 240 216.30 54.2520 1.5146
PNL-B-2B 208 189.15 54,2635 1.5148
PNL-B-3 480 446.28 53.7874 1.5019
PNL-B-3A 240 213.24 53.9791 1.5071
PNL-B-4 480 445.68 53.4276 1.4916
PNL-B-5 480 449.80 54.1209 1.5111
PNL-B-6 480 446.16 53.8734 1.5042
PNL-B-7 480 444 .89 54,3260 1.5167
PNL-B-8 480 448 .33 53.8571 1.5038
PNL-B-8A 240 207.98 54,0316 1.5086
PNL-B-8B 240 214.60 54,0543 1.5092
PNL-B-8C 240 206.84 54.2154 1.5137
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TOTAL VOLTAGE DISTORTION
Bus Name Voltage V_RMS(V) V_TIF V_THD(%) TEEE-519
PNL-B-BLD 208 194 .66 54,1354 1.5113
PNL-B-ILL 480 456.37 54,0632 1.5094
PNL-TRAIL1 208 190.92 52.5423 1.4674
PNL-TRAIL2 208 190.92 52,5423 1.4674
SWBD-A 480 466.50 51.8577 1.4392
SWBD-B 480 456.61 54,0443 1.5089
XFMR- 1AP 480 466.48 51.5593 1.4393
XFMR- 1AS 208 200.49 51.5766 1.4397
XFMR- 1BP 480 456.57 54,0476 1.5090
XFMR- 1BS 208 194.69 54,1296 1.5112
XFMR-2BP 480 456.36 54.0439 1.5089
XFMR-2BS 208 191.15 52,5478 1.4675
XFMR-A1AP 480 465.24 51.5384 1.4387
XFMR-A1AS 240 223.55 51.5041 1.4376
XFMR-A1BP 480 465,13 51.5530 1.4391
XFMR-A1BS 208 195.55 51.4998 1.4375
XFMR-A2AP 480 463.75 51,5001 1.4377
XFMR-A2AS 240 222.78 51.4798 1.4369
XFMR-A2BP 480 463 .64 51.5149 1.4381
XFMR-A2BS 208 194 .88 51.4721 1.4368
XFR-A3AP 480 457.62 49,8983 1.3929
XFMR-A3AS 240 219.58 43.9361 1.3938
XFMR-B1AP 480 453.93 54,0990 1.5104
XFMR-B1AS 240 217.65 54,1790 1.5125
XFMR-B1BP 480 453.82 54,1151 1.5109
XFMR-B1BS 208 190.49 54,1461 1.5116
XFMR-B2AP 480 451.91 54.1389 1.61186
XFMR-B2AS 240 216.59 54,2407 1.5143
XFMR-B2BP 480 451.80 54,1551 1.5120
XFMR-B2BS 208 189.58 54.2024 1.5132
XFMR-B3AP 480 446.07 53,8001 1.5022
XFMR-B3AS 240 213.54 53.9657 1.5067
XFMR-B8AP 480 443.19 53.9083 1.5053
XFMR-B8AS 240 208.38 54,0175 1.5082
XFMR-B8BP 480 447.98 53.8785 1.5044
XFMR-B8BS 240 215.99 53.9938 1.5075
XFMR-UTILAP 12470 12469 .26 0.5092 0.0027 5.0
XFMR-UTILAS 480 467.24 49.6220 1.3851
XFMR-UTILBP 12470 12468.76 0.5093 0.0027 5.0
XFMR-UTILBS 480 458.62 50.6679 1.4145
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VOLTAGE DISTORTION SUMMARY

Bus Name

Voltage

V_RMS{V)

V_TIF

V_THD (%)

IEEE-519

NO VIOLATION
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS({A) kWLoss kVARLoss IT K I_THD{%) | IEEE-519

From/To From/To Tot/Harm | Tot/Harm

UTIL-PUDA XFMR-UTILAP 12470 81.27 0.000 0.001 6295.88 1.11 3.01
12470 0.000 0.001

UTIL-PUDB XFMR-UTILBP 12470 130.59 0.000 0.001 6310.54 1.04 1.87
12470 0.000 0.001

TO PNL-B-7 ATS-B-7 480 92.56 0.064 0.015 474 .71 1.00 0.20
PNL-B-7 480 0.000 0.000

VFD-CRANE1 BUS-0099 480 636.24 0.000 0.000| 83014.94 1.32 5.07
CRANE- 1 480 0.000 0.000

VFD-CRANE2 BUS-0100 480 636.29 0.000 0.000| 85920.34 1.35 5.24
CRANE-2 480 0.000 0.000

VFD-CRANE3 BUS-0101 480 652.47 0.000 0.000; 87330.39 1.34 5.20
CRANE-3 480 0.000 0.000

VFD-CRANE4 BUS-0102 480 652.47 0.000 0.000| 87330.39 1.34 5.20
CRANE- 4 480 0.000 0.000

TO XFMR-ATAP PNL-A-1 480 62.07 0.021 0.008 294.73 1.00 0.18
XFMR-A1AP 480 0.000 0.000

TO XFMR-A1BP PNL-A-1 480 42.70 0.025 0.004 206,32 1.00 0.19
I XFMR-A1BP 480 0.000 0.000

: TO XFMR-AZAP PNL-A-2 480 62.29 0.021 0.008 293.60 1.00 0.18
XFMR-A2AP 480 0.000 0.000

TO XFMR-A2BP PNL-A-2 480 42.85 0.026 0.004 205.53 1.00 0.18
XFMR-A2BP 480 0.000 0.000

TO XFMR-A3AP PNL-A-3 480 63.19 0.022 0.008 280.91 1.00 0.17
XFMR-A3AP 480 0.000 0.000

TO XFMR-B1AP PNL-B-1 480 63.76 0.022 0.008 301.90 1.00 0.18
XFMR-B1AP 480 0.000 0.000
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS({A) kWLoss kVARLoss IT K I_THD(%)} | IEEE-519
From/To From/To Tot/Harm | Tot/Harm
TO XFMR-B1BP PNL-B-1 480 43.84 0.027 0.004 211.33 1.00 0.18
XFMR-B1BP 480 0.000 0.000
TO XFMR-B2AP PNL-B-2 480 64.07 0.022 0.008 300.80 1.00 0.18
XFMR-B2AP 480 0.000 0.000
TO XFMR-B2BP PNL-B-2 480 44,05 0.027 0.004 210.56 1.00 0.18
XFMR-B2BP 480 0.000 0.000
TO XFMR-B3AP PNL-B-3 480 64.99 0.023 0.008 295,19 1.00 0.17
XFMR-B3AP 480 0.000 0.000
TO DISC-100ABP [PNL-B-8 480 0.00 0.000 0.000 0.00 0.00 0.00
DISC-100ABP 480 0.000 0.000
TO XFMR-B8AP PNL-B-8 480 113.31 0.703 0.740 489.83 1.00 0.17
XFMR-B8AP 480 0.000 0.000
TO XFMR-B8BP PNL-B-8 480 54.78 0.032 0.012 252.32 1.00 0.18
XFMR-B8BP 480 0.000 0.000
TO CRANE-1 SWBD-A 480 636.24 7.383 7.963| 83014.94 1.32 5.07
BUS-0099 480 0.019 0.211
TO CRANE-2 SWBD-A 480 636.29 7.385 7.979| 85920.34 1.35 5.24
BUS-0100 480 0.020 0.226
TO DISC-800ABP |SWBD-A 480 0.00 0.000 0.000 0.00 0.00 0.00
DISC-800ABP 480 0.000 0.000
TO PNL-A-1 SWBD-A 480 104.77 0.116 0.167 501.05 1.00 0.18
PNL-A-1 480 0.000 0.000
TO PNL-A-2 SWBD-A 480 105.13 0.279 0.401 499.13 1.00 0.18
PNL-A-2 480 0.000 0.000
TO PNL-A-3 SWBD-A 480 244,25 2.255 3.246 2466. 31 1.00 0.39
PNL-A-3 480 0.000 0.001
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TOTAL CURRENT DISTORTIGOGN
Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT I_THD(%) | IEEE-519
From/To From/To Tot/Harm | Tot/Harm
TO PNL-A-4 SWBD-A 480 166.52 1.994 1.569 832.17 .00 0.19
PNL-A-4 480 0.000 0.000
TO PNL-A-5 SWBD-A 480 167.17 2.134 2,247 826.16 .00 0.19
PNL-A-5 480 0.000 0.000
TO PNL-A-6 SWBD-A 480 10.18 0.021 0.0t1 52.49 .00 0.20
PNL-A-B 480 0.000 0.000
TO PNL-A-ILL SWBD-A 480 37.98 0.013 0.003 196.74 .00 0.20
PNL-A-TILL 480 0.000 0.000
TO XFMR-1AP SWBD-A 480 5.12 0.000 0.000 26.10 .00 0.20
XEMR- 1AP 480 0.000 0.000
TO ATS-B-7 SWBD-B 480 92.56 1.516 1.001 474,71 .00 0.20
ATS-B-7 480 0.000 0.000
TO CRANE-3 SWBD-B 480 652.47 8.736 9.434| 87330.39 .34 5.20
BUS-0101 480 0.023 0.263
TO CRANE-4 SWBD-B 480 652.47 8.736 9.434| 87330.39 .34 5,20
BUS-0102 480 0.023 0.263
TO PNL-B-1 SWBD-B 480 107.60 0.362 0.285 513.23 .00 0.18
PNL-B-1 480 0.000 0.000
TO PNL-B-2 SWBD-B 480 108.12 0.661 0.521 511.36 .00 0.18
PNL-B-2 480 0.000 0.000
TO PNL-B-3 SWBD-B 480 235.77 2.531 3.642 1140.82 .00 0.19
PNL-B-3 480 0.000 0.000
TO PNL-B-4 SWBD-B 480 202.94 3.025 2.381 1657.97 .00 0.32
PNL-B-4 480 0.000 0.000
TO PNL-B-5 SWBD-B 480 169.45 1.571 1.236 857.39 .00 0.19
PNL-B-5 480 0.000 0.000
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS({A) kWLoss kVARLoss IT KK I_THD(%) | IEEE-519
From/To From/To Tot/Harm | Tot/Harm
TO PNL-B-6 SWBD-B 480 170.83 2,022 2.452 846.77 1.00 0.19
PNL-B-6 480 0.000 0.000
TO PNL-B-8 SWBD-B 480 423.10 3.638 5,236 2017.88 1.00 0.18
PNL-B-8 480 0.000 0.000
TO PNL-B-ILL SWBD-B . 480 48.79 0.022 0.004 253.78 1.00 0.20
PNL-B-ILL 480 0.000 0.000
TO XFMR-1BP SWBD-B 480 9.77 0.001 0.000 49,31 1.00 0.19
XFMR - 1BP 480 0.000 0.000
TO XFMR-TRAILP |SWBD-B 480 523.45 0.156 0.164 2469.09 1.00 0.18
XFMR- 2BP 480 0.000 0.000
XFMR- 1A XFMR- 1AP 480 5.12 0.027 0.020 26.10 1.00 0.20
XFMR- 1AS 208 0.000 0.000
TO PNL-A-BLD XFMR- 1AS 208 11.81 0.000 0.000 60.23 1.00 0.20
PNL-A-BLD 208 0.000 0.000 ’
XFMR- 1B XFMR- 1BP 480 9.77 0.099 0.073 49,31 1.00 0.19
XFMB-1BS 208 0.000 0.000
T0 PNL-B-BLD XFMR- 1BS 208 22.54 0.002 0.000 113.80 1.00 0.19
PNL-B-BLD 208 0.000 0.000
XFMR-2B XFMR- 2BP 480 523.45 3.340 18.258 2469.09 1.00 0.18
XFMR- 2BS 208 0.000 0.001
TO PNL-TRAIL1 XFMR-2BS 208 603.98 0.165 0.186 2848.95 1.00 0.18
PNL-TRAIL1 208 0.000 0.000
TO PNL-TRAIL2 XFMR- 2BS 208 603.98 0.165 0.186 2848.95 1.00 0.18
PNL-TRAIL2 208 0.000 0.000
XFMR-A1A XFMR-A1AP 480 62.07 1.438 1.331 294.73 1.00 0.18
XFMR-A1AS 240 0.000 0.000 :
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TOTAL CURRENT DISTORTIGON
Device Name Bus Name Voltage | I_RMS(A) kWloss kVARLoss IT K I_THD(%) | IEEE-519

From/To From/To Tot/Harm | Tot/Harm

TO PNL-A-1A XFMR-A1AS 240 124,14 0.048 0.038 589.47 1.00 0.18
PNL-A-1A 240 0.000 0.000

XFMR-A1B XFMR-A1BP 480 42.70 0.756 0.700 206.32 1.00 0.19
XFMR-A1BS 208 0.000 0.000

TO PNL-A-1B XFMR-A1BS 208 98.54 0.070 0.026 476.12 1.00 0.19
PNL-A- 1B 208 0.000 0.000

XFMR-A2A XFMR-AZAP 480 62.29 1.448 1.341 293.60 1.00 0.18
XFMR-A2AS 240 0.000 0.000

TO PNL-A-2A XFMR-A2AS 240 124,57 0.049 0.038 587.20 1.00 0.18
PNL-A-2A 240 0.000 0.000

XFMR-A2B XFMR-A2BP 480 42 .85 0.761 0.705 205,53 1.00 0.18
XFMR-A2BS 208 0.000 0.000

TO PNL-A-2B XFMR-A2BS 208 98.88 0.071 0.026 474.29 1.00 0.18
PNL-A-2B 208 0.000 0.000

XFMR-A3A XFMR-A3AP 480 63.19 1.491 1.380 280.91 1.00 0.17
XFMR-A3AS 240 0.000 0.000

TO PNL-A-3A XFMR-A3AS 240 126,39 0.050 0.039 561.81 1.00 0.17
PNL-A-3A 240 0.000 0.000

XFMR-B1A XFMR-B1AP 480 63.76 1.517 1.405 301.90 1.00 0.18
XFMR-B1AS 240 0.000 0.000

TO PNL-B-1A XFMR-B1AS 240 127.51 0.051 0.040 603.79 1.00 0.18
PNL-B- 1A 240 0.000 0.000

XFMR-B1B XFMR-B1BP 480 43.84 0.797 0.738 211.33 1.00 0.18
XFMR-B1BS 208 0.000 0.000

TO PNL-B-1B XFMR-B1BS 208 101.17 0.074 0.027 487.69 1.00 0.18
PNL-B-1B 208 0.000 0.000
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TOTAL CURRENT DISTORTION
Device Name Bus Name Voltage | I_RMS(A) kWLoss kVARLoss IT I_THD(%) | IEEE-B519
From/To From/To Tot/Harm | Tot/Harm
XFMR-B2A XFMR-B2AP 480 64.07 1.532 1.419 300.80 .00 0.18
XFMR-B2AS 240 0.000 0.000
TO PNL-B-2A XFMR-B2AS 240 128.14 0.051 0.040 601.60 .00 0.18
PNL-B-2A 240 0.000 0.000
XFMR-B2B XFMR-B2BP 480 44.05 0.805 0.745 210.56 .00 0.18
XFMR-B2BS 208 0.000 0.000
TO PNL-B-2B XFMR-B2BS 208 101.65 0.075 0.027 485.92 .00 0.18
PNL-B-2B 208 0.000 0.000
XFMR-B3A XFMR-B3AP 480 64.99 1.576 1.460 295.19 .00 0.17
XFMR-B3AS 240 0.000 0.000
TO PNL-B-3A XFMR-B3AS 240 129.97 0.053 0.042 590.37 .00 0.17
PNL-B-3A 240 0.000 0.000
XFMR-B8A XFMR-B8SAP 480 113.31 3.550 3.805 489.83 .00 0.17
XFMR-B8AS 240 0.000 0.000
TO PNL-B-8A XFMR-B8AS 240 193.12 0.099 0.092 835.77 .00 0.17
PNL-B-8A 240 0.000 0.000
TO PNL-B-8C XFMR-B8AS 240 33.50 0.084 0.036 143.89 .00 0.16
PNL-B-8C 240 0.000 0.000
XFMR-B8B XFMR-B8BP 480 54.78 1.120 1.037 252.32 .00 0.18
XFMR-B8BS 240 0.000 0.000
TO PNL-B-8B XFMR-B8BS 240 109.56 0.206 0.162 504 .64 .00 0.18
PNL-B-8B 240 0.000 0.000
XFMR-UTILA XFMR-UTILAP 12470 81.27 8.739 70.318 6295.88 BN 3.01 20.0
XFMR-UTILAS 480 0.033 0.668
TO SWBD-A XFMR-UTILAS 480 2111.40 1.539 2.631| 163561.80 .M 3.01
SWBD-A 480 0.002 0.025
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TOTAL CURRENT DISTORTION

Device Name Bus Name Voltage | I_RMS({A) kWLoss kVARLoss IT K I_THD{%} | IEEE-51%
From/To From/To Tot/Harm | Tot/Harm
XFMR-UTILB XFMR-UTILBP 12470 130.59 22,522 180.585 6310.54 1.04 1.87 20.0
XFMR-UTILBS 480 0.033 0.671
TO SWBD-B XFMR-UTILBS 480 3392.51 6.592 11.214| 163942.66 1.04 1.87
SWBD-B 480 0.003 0.042

TOTAL SYSTEM POWER LOSSES
Harmonic Losses Total RMS Losses
P{kW) 0O{kVAR) P (kW) 0(kVAR)
0.47 2,81 116.86 360.91
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CURRENT DISTORTION SUMMARY
Device Name Bus Name Voltage | I_RMS(A}) kWLoss kVARLoss IT I_THD(%) | IEEE-519
From/To From/To Tot/Harm | Tot/Harm
NO VIOLATION
TOTAL SYSTEM POWER LOSSES
Harmonic Losses Total RMS Losses
P{kW) 0{kVAR) P{kW) Q(kVAR)
0.47 2.81 116.86 360.91
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HARMONIC VOLTAGE SPECTRUM REPORT
Bus:  SWBD-A (480V)
Harmonic Harmonic Phase [Distortion| IEEE-519
Order Voltages Angle Percent Limit
i 466,452 -31.78
5 1.234 -51.69 0.264
7 1.062| -179.35 0.228
11 4.695 -74.93 1.006
13 3.576 157.24 0.767
17 0.323 -98.43 0.069
19 0.180 133.73 0.039
23 1.964| -121.95 0.421
25 1.898 110.22 0.407
Voltage: 480.0 V_RMS: 466.50 V_THD(%}: 1.44
TEEE-519 LIMIT (THD%):
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HARMONIC CURRENT SPECTRUM REPORT
Device Name: TO SWBD-A
From: XFMR-UTILAS {480V)
To: SWBD-A (480V)
PCC does not exist.
Harmonic Harmonic Phase |Distortion| IEEE-519
Order Amperes Angle Percent Limit
1 2110.447 -65.44
5 26.256 41,27 1.244
7 16.153 -86.56 0.765
11 45,422 17.90 2.152
13 29.271 -109.85 1.387
17 2.019 -5.33 0.096
19 1.009 -133.07 0.048
23 9.084 -28.54 0.430
25 8.074| -156.28 0.383
Voltage: 480.0 I_RMS: 2111.40 I_THD(%): 3.01
kWLoss: 1.539 kVARLoss: 2,631
1.K: 1.11 IEEE-519 LIMIT (THD%):
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HARMONIC VOLTAGE SPECTRUM REPORT
Bus:  SWBD-B (480V)
Harmonic Harmonic Phase |Distortion| IEEE-519
Order Voltages Angle Percent Limit
1 456. 556 -32.84
5 1.267 -57.62 0.278
7 1.091 172.63 0.239
11 4.817 -87.25 1.055
13 3.669 142.74 0.804
17 0.331} -117.31 0.072
19 0.185 112.65 0.041
23 2.015| -147.43 0.441
25 1.947 82.53 0.426
Voltage: 480.0 V_RMS: 456.61 V_THD(%): 1.51
IEEE-519 LIMIT (THD%):
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HARMONIC CURRENT SPECTRUM REPORT

Device Name: TO SWBD-B
From: XFMR-UTILBS (480V)
To: SWBD-B {480V)
PCC does not exist.
Harmonic Harmonic Phase |Distortion| IEEE-519
Order Amperes Angle Percent Limit
1 3391.917 -68.08
5 26.349 35.42 0.777
7 16. 199 -94.54 0.478
1 45,530 5.58 1.342
13 29.338| -124.36 0.865
17 2.023 -24.25 0.060
19 1.012] -154.19 0.030
23 9.103 -54.07 0.268
25 8.092 175.98 0.239
Voltage: 480.0 I_RMS: 3392.51 I_THD{%): 1.87
kWLoss: 6.592 kVARLoss: 11.214
IK: 1.04 IEEE-519 LIMIT (THD%):

Page 23
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LOAD FLOW STUDY

The purpose of the load flow study was to determine the power factor, voltage drops, kW,
kKVAR and current flows. Performing this study required the field technicians to develop an
as-built one-line of the distribution system, model the distribution system in the computer,
record loads at some of the major panelboards and switchboards, and input this data into
the computer.

The load flow study was conducted using SKM Powertools program. The study engineer
used NEC recommendation for voltage drop as the design criteria. NEC recommends a
maximum of 3% voltage drop across a cable and 5% at the equipment. The load flow study
was performed to investigate the system loading condition for normal power operations
condition. The following assumptions were made:

Both cranes are operating at the same time at each switchboard.
The linear demand loads are taken from the panel schedules
Linear loads are taken from the panel schedules and have a 0.8 pf
All loads have 80% load factor

9,

% In Scenario 1, the engineer ran the calculation with the utility transformers’ tap setting
at 5.0 %.

< In Scenario 2, the engineer ran the calculation with the utility transformers’ tap setting
at 5.0 %, transformer B3A at 2.5%, transformer B8A at 5.0%, and transformer B8B at
2.5%.

In Scenario 1, the result from the load flow study shows the voltage drop across each cable
is within the 3% recommendations by NEC. The total voltage drop at each bus is above the
5% recommendation by NEC.

In Scenario 2, the result from the load flow study shows the voltage drop across each cable
is within the 3% recommendations by NEC. The total voltage drop at each bus is within the
5% recommendation by NEC.

The engineer recommends setting the both utility transformers tap setting at 5.0%,
transformer B3A at 2.5%, transformer B8A at 5.0%, and transformer B8B at 2.5%.

The computer printouts for the load flow study and the load flow diagram is located under
tab 15.

Tab 15
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Project: 1001055 Scenario1

Load Flow Summary Report

Load Flow Study Settings
Include Source Impedance No Load Acceleration Factor 1.00
Solution Method Exact (Iterative) Bus Voltage Drop % 5.00
Load Specification Connected Load Branch Voltage Drop % 3.00
Generation Acceleration Factor 1.00

Swing Generators

Source In/Out Service Vpu Angle kw kvar VD% Utility Impedance
E UTIL-PUDA In 1.00 0.00 1,427.5 1,014.5 0.00 0.00 + 0.00
J‘ : ‘ UTIL-PUDB In 1.00 0.00 2,132.3 1,666.3 0.00 0.00. +/ 0.00
Buses
Bus Name In/Out Service Design Volts LF Volts  Angle Degree PU Volts %VD
AIR-COMP In 480 478 -2.16 1.00 0.40
ATS-B-7 In 480 470 -2.67 0.98 2.11
CRANE-1 In 480 481 -2.05 1.00 -0.20
CRANE-2 In 480 481 -2.05 1.00 -0.20
CRANE-3 In 480 470 -3.03 0.98 2.01
CRANE-4 In 480 470 -3.03 0.98 2.01
DISC-100ABP In 480 473 -3.01 0.98 1.50
DISC-800ABP In 480 490 -1.77 1.02 -2.07
PNL-A-1 In 480 489 -1.81 1.02 -1.85
PNL-A-1A In 240 235 -2.02 0.98 1.88
PNL-A-IB In 208 206 -1.92 0.99 1.14
PNL-A-2 In 480 487 -1.86 1.02 -1.56

PNL-A-2A In 240 235 -2.07 0.98 2.18



Bus Name In/Out Service Design Volts LF Volts  Angle Degree PU Volts %VD
PNL-A-2B In 208 205 -1.98 0.99 1.44
PNL-A-3 In 480 482 -2.16 1.00 -0.34
PNL-A-3A In 240 232 -2.37 0.97 3.45
PNL-A-4 In 480 482 -1.79 1.00 -0.32
PNL-A-3 In 480 480 -1.97 1.00 0.02
PNL-A-6 In 480 489 -1.75 1.02 -1.80
PNL-A-BLD In 208 211 -1.77 1.01 -1.30
PNL-A-JLL In 480 490 -1.76 1.02 -2.03
PNL-B-1 In 480 478 -2.71 1.00 0.36
PNL-B-1A In 240 230 -2.92 0.96 4.18
PNL-B-1B In 208 201 -2.82 0.97 3.42
PNL-B-2 In 480 476 -2.71 0.99 0.76
PNL-B-2A In 240 229 -2.93 0.95 4.60
PNL-B-2B In 208 200 -2.83 0.96 3.83
PNL-B-3 In 480 471 -3.09 0.98 1.91
PNL-B-3A In 240 226 -3.31 0.94 5.80
PNL-B-4 In 480 476 -2.72 0.99 0.77
PNL-B-5 In 480 474 -2.72 0.99 1.22
PNL-B-6 In 480 471 -2.99 0.98 1.93
PNL-B-7 In 480 470 -2.65 0.98 2.18
PNL-B-8§ In 480 473 -3.01 0.98 1.50
PNL-B-8A In 240 221 -3.70 0.92 7.84
PNL-B-8B In 240 227 -3.19 0.95 5.26
PNL-B-8C In 240 220 -3.59 0.92 8.29
PNL-B-BLD In 208 205 -2.69 0.99 1.33
PNL-B-ILL In 480 480 -2.69 1.00 -0.08
PNL-TRAIL1 In 208 202 -4.29 0.97 3.03
PNL-TRAIL2 In 208 202 -4.29 0.97 3.03
SWBD-A In 480 490 -1.77 1.02 -2.07
SWBD-B In 480 481 -2.70 1.00 -0.13
XFMR-1AP In 480 490 -1.77 1.02 -2.06
XFMR-1AS In 208 211 -1.77 1.01 -1.31
XFMR-1BP In 480 481 -2.70 1.00 -0.12
XFMR-1BS In 208 205 -2.70 0.99 1.32
XFMR-2BP In 480 480 -2.71 1.00 -0.08
XFMR-2BS In 208 202 -4.28 0.97 2.92
XFMR-A1AP In 480 489 -1.80 1.02 -1.82
XFMR-A1AS In 240 236 -2.01 0.98 1.77
XFMR-A1BP In 480 489 -1.79 1.02 -1.79
XFMR-A1BS In 208 206 -1.95 0.99 0.95
XFMR-A2AP In 480 487 -1.86 1.02 -1.52
XFMR-A2AS In 240 235 -2.07 0.98 2.07



Bus Name In/Qut Service Design Volts LF Volts  Angle Degree PU Volts %VD
XFMR-A2BP In 480 487 -1.85 1.02 -1.50
XFMR-A2BS In 208 205 -2.01 0.99 1.25
XFMR-A3AP In 480 481 -2.16 1.00 -0.30
XFMR-A3AS In 240 232 -2.37 0.97 3.34
XFMR-B1AP In 480 478 -2.70 1.00 0.40
XFMR-B1AS In 240 230 -2.92 0.96 4.07
XFMR-B1BP In 480 478 -2.69 1.00 0.42
XFMR-B1BS In 208 201 -2.86 0.97 3.22
XFMR-B2AP In 480 476 -2.71 0.99 0.80
XFMR-B2AS In 240 229 -2.93 0.96 4.48
XFMR-B2BP In 480 476 -2.70 0.99 0.82
XFMR-B2BS In 208 200 -2.87 0.96 3.63
XFMR-B3AP In 480 471 -3.08 0.98 1.95
XFMR-B3AS In 240 226 -3.31 0.94 5.68
XFMR-B8AP In 480 468 -3.10 0.97 2.51
XFMR-BSAS In 240 222 -3.69 0.92 7.68
XFMR-B8BP In 480 472 -3.00 0.98 1.57
XFMR-B8BS In 240 229 -3.19 0.95 4.72
XFMR-UTILAP In 12,470 12,470 0.00 1.00 0.00
XFMR-UTILAS In 480 491 -1.73 1.02 -2.21
XFMR-UTILBP In 12,470 12,470 0.00 1.00 0.00
XFMR-UTILBS In 480 482 -2.61 1.01 -0.51

Cables

From Bus Component InfOut %VD kW kvar kVA LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
ATS-B-7 TO PNL-B-7 In 0.08 58.4 41.0 71.4 87.7  0.82
PNL-B-7 0.1 0.0 0.1 0.0
PNL-A-1 TO XFMR-ATIAP In 0.04 39.8 30.0 49.8 588 0.80
XFMR-A1AP 0.0 0.0 0.0 0.0
PNL-A-1 TO XFMR-A1BP In 0.06 27.4 20.6 34.3 40.5  0.80
XFMR-A1BP 0.0 0.0 0.0 0.0
PNL-A-2 TO XFMR-A2AP In 0.04 39.8 30.0 49.8 59.0 0.80
XFMR-A2AP 0.0 0.0 0.0 0.0
PNL-A-2 TO XFMR-A2BP In 0.06 274 20.6 343 40.6  0.80
XFMR-A2BP 0.0 0.0 0.0 0.0
PNL-A-3 TO AIR-COMP In 0.74 123.1 76.3 144.8 173.6 085
AIR-COMP 0.9 0.6 1.1 0.0




From Bus Component In/Out %VD kw kvar kVA LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
PNL-A-3 TO XFMR-A3AP In 0.04 39.8 30.1 49.9 598 0.80
XFMR-A3AP 0.0 0.0 0.0 0.0
PNL-B-1 TO XFMR-B1AP In 0.04 39.8 30.1 49.9 60.3  0.80
XFMR-B1AP 0.0 0.0 0.0 0.0
PNL-B-1 TO XFMR-BIBP In 0.06 27.4 20.7 34.4 415 0.80
XFMR-BIBP 0.0 0.0 0.0 0.0
PNL-B-2 TO XFMR-B2AP In 0.04 39.8 30.1 49.9 60.5  0.80
XFMR-B2AP 0.0 0.0 0.0 0.0
PNL-B-2 TO XFMR-B2BP In 0.06 27.5 20.7 34.4 41.6  0.80
XFMR-B2BP 0.0 0.0 0.0 0.0
PNL-B-3 TO XFMR-B3AP In 0.04 39.9 30.1 50.0 613  0.80
XFMR-B3AP 0.0 0.0 0.0 0.0
PNL-B-8 TO DISC-100ABP 1In 0.00 0.0 0.0 0.0 0.0 0.00
DISC-100ABP 0.0 0.0 0.0 0.0
PNL-B-8 TO XFMR-B8AP  In 1.01 69.2 53.2 87.2 106.5  0.79
XFMR-BBAP 0.6 0.7 0.9 0.0
PNL-B-8 TO XFMR-BSBP  In 0.07 33.8 25.5 423 517 0.80
XFMR-B8BP 0.0 0.0 0.0 0.0
SWBD-A TO CRANE-1 In 1.86 434.2 272.0 5124 603.8  0.85
CRANE-1 6.7 7.0 9.7 0.0
SWBD-A TO CRANE-2 In 1.86 434.2 272.0 5124 603.8 085
CRANE-2 6.7 7.0 9.7 0.0
SWBD-A TO DISC-800ABP In 0.00 0.0 0.0 0.0 0.0 0.00
DISC-800ABP 0.0 0.0 0.0 0.0
SWBD-A TO PNL-A-1 In 0.21 67.3 50.8 84.3 99.4  0.80
PNL-A-1 0.1 0.2 0.2 0.0
SWBD-A TO PNL-A-2 In 0.50 67.4 51.0 84.6 99.7 080
PNL-A-2 0.3 0.4 0.4 0.0
SWBD-A TO PNL-A-3 In 1.72 164.9 109.3 197.9 2332 0.83
PNL-A-3 2.1 3.0 3.6 0.0
SWBD-A TO PNL-A-4 In 1.74 107.4 80.6 1343 158.3  0.80
PNL-A-4 1.8 1.4 23 0.0
SWBD-A TO PNL-A-5 In 2.09 107.5 81.2 134.8 158.8  0.80
PNL-A-5 1.9 2.0 2.8 0.0
SWBD-A TO PNL-A-6 In 0.27 6.6 4.9 82 9.7 080
PNL-A-6 0.0 0.0 0.0 0.0




From Bus Component In/Out %VD kw kvar kVA LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
SWBD-A TO PNL-A-ILL In 0.04 24.5 18.4 30.7 362 0.80
PNL-A-ILL 0.0 0.0 0.0 0.0
SWBD-A TO XFMR-1AP  In 0.00 3.3 2.5 4.1 49 080
XFMR-1AP 0.0 0.0 0.0 0.0
SWBD-B TO ATS-B-7 In 2.24 59.8 41.9 73.0 877  0.82
ATS-B-7 1.4 0.9 1.6 0.0
SWBD-B TO CRANE-3 In 2.14 435.4 273.2 514.0 6175 085
CRANE-3 7.8 8.2 11.4 0.0
SWBD-B TO CRANE-4 In 2.14 435.4 273.2 514.0 6175  0.85
CRANE-4 7.8 82 11.4 0.0
SWBD-B TO PNL-B-1 In 0.49 67.6 51.0 84.7 107 0.80
PNL-B-1 0.3 0.3 0.4 0.0
SWBD-B TO PNL-B-2 In 0.88 67.9 51.2 85.0 1022 0.80
PNL-B-2 0.6 0.5 0.8 0.0
SWBD-B TO PNL-B-3 In 2.04 147.7 112.6 185.8 223.1  0.80
PNL-B-3 2.3 33 4.0 0.0
SWBD-B TO PNL-B-4 In 0.90 53.3 40.0 66.6 800 0.80
PNL-B-4 0.5 0.4 0.6 0.0
SWBD-B TO PNL-B-5 In 1.35 107.0 80.3 133.8 160.7  0.80
PNL-B-5 1.4 1.1 1.8 0.0
SWBD-B TO PNL-B-6 In 2.06 107.4 814 134.8 1619  0.80
PNL-B-6 1.8 2.2 2.9 0.0
SWBD-B TO PNL-B-8 In 1.63 264.6 202.1 333.0 400.0  0.79
PNL-B-8 3.3 4.7 5.7 0.0
SWBD-B TO PNL-B-ILL In 0.05 30.9 23.1 38.6 463  0.80
PNL-B-ILL 0.0 0.0 0.0 0.0
SWBD-B TO XFMR-1BP In 0.01 6.2 4.6 7.7 93 080
XFMR-1BP 0.0 0.0 0.0 0.0
SWBD-B TO XFMR-TRAIL In 0.05 322.9 256.5 412.4 4954 0.78
XFMR-2BP 0.1 0.1 0.2 0.0
XFMR-1AS TOPNL-A-BLD In 0.01 33 2.5 4.1 112 080
PNL-A-BLD 0.0 0.0 0.0 0.0
XFMR-1BS TOPNL-B-BLD In 0.02 6.1 4.6 7.6 214 0.80
PNL-B-BLD 0.0 0.0 0.0 0.0
XFMR-2BS TOPNL-TRAIL1 In 0.11 159.9 120.0 199.9 5716 0.80
PNL-TRAIL1 0.1 0.2 0.2 0.0
XFMR-2BS TO PNL-TRAIL2 In 0.11 159.9 120.0 199.9 5716 0.80
PNL-TRAIL2 0.1 0.2 0.2 0.0




From Bus Component In/Out %VD kW kvar kVA LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
XFMR-A1AS TO PNL-A-1A In 0.11 38.4 28.8 48.1 117.7  0.80
PNL-A-1A 0.0 0.0 0.1 0.0
XFMR-A1BS TO PNL-A-1B In 0.19 26.7 20.0 334 935  0.80
PNL-A-1B 0.1 0.0 0.1 0.0
XFMR-A2AS TO PNL-A-2A In 0.11 38.4 28.8 48.1 118.0  0.80
PNL-A-2A 0.0 0.0 0.1 0.0
XFMR-A2BS TO PNL-A-2B In 0.19 26.7 20.0 334 93.8  0.80
PNL-A-2B 0.1 0.0 0.1 0.0
XFMR-A3AS TO PNL-A-3A In 0.11 38.4 28.8 48.1 119.6  0.80
PNL-A-3A 0.0 0.0 0.1 0.0
XFMR-B1AS TO PNL-B-1A In 0.12 38.4 28.8 48.1 120.5  0.80
PNL-B-1A 0.0 0.0 0.1 0.0
XFMR-B1BS TO PNL-B-1B In 0.20 26.7 20.0 334 95.7  0.80
PNL-B-1B 0.1 0.0 0.1 0.0
XFMR-B2AS TO PNL-B-2A In 0.12 38.4 28.8 48.1 121.0  0.80
PNL-B-2A 0.0 0.0 0.1 0.0
XFMR-B2BS TO PNL-B-2B In 0.20 26.7 20.0 334 96.1 0.80
PNL-B-2B 0.1 0.0 0.1 0.0
XFMR-B3AS TO PNL-B-3A In 0.12 38.4 28.8 48.1 1226 0.80
PNL-B-3A 0.0 0.0 0.1 0.0
XFMR-B8AS TO PNL-B-8A In 0.16 55.7 41.8 69.7 1816  0.80
PNL-B-8A 0.1 0.1 0.1 0.0
XFMR-BSAS TO PNL-B-8C In 0.60 9.7 7.2 12.1 315  0.80
PNL-B-8C 0.1 0.0 0.1 0.0
XFMR-B8BS TO PNL-B-8B In 0.54 32.8 24.6 41.0 103.4  0.80
PNL-B-8B 0.2 0.1 0.2 0.0
XFMR-UTILAS TO SWBD-A In 0.15 1,418.8 945.1 1.704.8 2,006.1  0.83
SWBD-A 1.4 2.4 2.7 0.0
XFMR-UTILBS TO SWBD-B In 0.38 2,111.6 1,500.6 2.,590.5 3,099.9 0.82
SWBD-B 5.5 9.3 10.8 0.0
2-Winding Transformers

From Bus Component In/Out %VD kw kvar kVA  LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
XFMR-1AP XFMR-1A In 0.76 33 2.5 41 5.0  0.80
XFMR-1AS 0.0 0.0 0.0 13.5




From Bus Component In/Out %VD kKW kvar kKVA  LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
XFMR-1BP XFMR-1B In 1.44 6.2 4.6 7.7 9.0 0.80
XFMR-1BS 0.1 0.1 0.1 25.7
XFMR-2BP XFMR-2B In 3.00 322.8 256.3 412.2 495.0  0.78
XFMR-2BS 3.0 16.4 16.6 82.4
XFMR-A1AP XFMR-ATA In 3,58 39.7 30.0 49.8 59.0 0.80
XFMR-ATAS 1.3 1.2 1.8 97.8
XFMR-A1BP XFMR-A1B In 2.74 27.4 20.6 34.3 41.0  0.80
XFMR-A1BS 0.7 0.6 0.9 74.9
XFMR-A2AP XFMR-A2A In 3.59 39.7 30.0 49.8 59.0  0.80
XFMR-A2AS 1.3 1.2 1.8 98.1
XFMR-A2BP XFMR-A2B In 2.75 27.4 20.6 34.3 41.0 0.80
XFMR-A2BS 0.7 0.6 0.9 75.1
XFMR-A3AP XFMR-A3A In 3.64 39.8 30.1 49.9 60.0 0.80
XFMR-A3AS 1.3 1.2 1.8 99.4
XFMR-BIAP XFMR-B1A In 3.67 39.8 30.1 49.9 60.0  0.80
XFMR-B1AS 14 1.3 1.8 100.2
XFMR-B1BP XFMR-B1B In 2.80 27.4 20.7 34.3 41.0 0.80
XFMR-BIBS 0.7 0.7 1.0 76.6
XFMR-B2AP XFMR-B2A In 3.68 39.8 30.1 49.9 61.0 0.80
XFMR-B2AS 14 1.3 1.9 100.6
XFMR-B2BP XFMR-B2B In 2.82 27.4 20.7 34.3 42.0  0.80
XFMR-B2BS 0.7 0.7 1.0 76.9
XFMR-B3AP  XFMR-B3A In 373 39.8 30.1 50.0 61.0  0.80
XFMR-B3AS 1.4 1.3 1.9 101.9
XFMR-BSAP XFMR-B8A In 5.18 68.5 52.5 86.3 107.0  0.79
XFMR-BSAS 3.1 3.5 47 118.1
XFMR-BSBP XFMR-B8B In 3.15 33.8 25.5 42.3 52.0 0.80
XFMR-B8BS 1.0 0.9 1.4 86.0
XFMR-UTILA XFMR-UTILA In 221 1,427.5 1,014.5 1,751.3 81.0 0.82
XFMR-UTILA 8.7 69.4 69.9 70.1
XFMR-UTILB XFMR-UTILB In -0.51 2.132.3 1,666.3 2,706.1 125.0  0.79
XFMR-UTILBS 20.7 165.7 167.0 108.2




Project: 1001055 Scenario 2

Load Flow Study Settings

Load Flow Summary Report

Include Source Impedance No Load Acceleration Factor 1.00
Solution Method Exact (Iterative) Bus Voltage Drop % 5.00
Load Specification Connected Load Branch Voltage Drop % 3.00
Generation Acceleration Factor 1.00
Swing Generators
Source In/Out Service Vpu Angle kW kvar VD% Utility Impedance
UTIL-PUDA In 1.00 0.00 1,427.5 1,014.5 0.00 0.00 +7 0.00
UTIL-PUDB In 1.00 0.00 2,132.2 1,666.2 0.00 0.00 +/ 0.00
Buses
Bus Name In/Out Service Design Volts LF Volts  Angle Degree PU Volts %VD
AIR-COMP In 480 478 -2.16 1.00 0.40
ATS-B-7 In 480 470 -2.67 0.98 2.11
CRANE-1 In 480 481 -2.05 1.00 -0.20
CRANE-2 In 480 481 -2.05 1.00 -0.20
CRANE-3 In 480 470 -3.03 0.98 2.01
CRANE-4 In 480 470 -3.03 0.98 2.01
DISC-100ABP In 480 473 -3.01 0.98 1.50
DISC-800ABP In 480 490 -1.77 1.02 -2.07
PNL-A-1 In 480 489 -1.81 1.02 -1.85
PNL-A-1A In 240 235 -2.02 0.98 1.88
PNL-A-1B In 208 206 -1.92 0.99 1.14
PNL-A-2 In 480 487 -1.86 1.02 -1.56
PNL-A-2A In 240 235 -2.07 0.98 2.18



Bus Name In/Out Service Design Volts LF Volts  Angle Degree PU Volts %VD
PNL-A-2B In 208 205 -1.98 0.99 1.44
PNL-A-3 In 480 482 -2.16 1.00 -0.34
PNL-A-3A In 240 232 -2.37 0.97 3.45
PNL-A-4 In 480 482 -1.79 1.00 -0.32
PNL-A-5 In 480 480 -1.97 1.00 0.02
PNL-A-6 In 480 489 -1.75 1.02 -1.80
PNL-A-BLD In 208 211 -1.77 1.01 -1.30
PNL-A-ILL In 480 490 -1.76 1.02 -2.03
PNL-B-1 In 480 478 -2.71 1.00 0.36
PNL-B-1A In 240 230 -2.92 0.96 4.18
PNL-B-1B In 208 201 -2.82 0.97 342
PNL-B-2 In 480 476 -2.71 0.99 0.76
PNL-B-2A In 240 229 -2.93 0.95 4.60
PNL-B-2B In 208 200 -2.83 0.96 3.83
PNL-B-3 In 480 471 -3.09 0.98 1.91
PNL-B-3A In 240 232 -3.31 0.97 3.43
PNL-B-4 In 480 476 -2.72 0.99 0.77
PNL-B-5 In 480 474 -2.72 0.99 1.22
PNL-B-6 In 480 471 -2.99 0.98 1.93
PNL-B-7 In 480 470 -2.65 0.98 2.18
PNL-B-8 In 480 473 -3.01 0.98 1.50
PNL-B-8A In 240 232 -3.69 0.97 3.22
PNL-B-§B In 240 233 -3.19 0.97 2.86
PNL-B-8C In 240 231 -3.60 0.96 3.64
PNL-B-BLD In 208 205 -2.69 0.99 1.33
PNL-B-ILL In 480 480 -2.69 1.00 -0.08
PNL-TRAIL1 In 208 202 -4.29 0.97 3.03
PNL-TRAIL2 In 208 202 -4.29 0.97 3.03
SWBD-A In 480 490 -1.77 1.02 -2.07
SWBD-B In 480 481 -2.70 1.00 -0.13
XFMR-1AP In 480 490 -1.77 1.02 -2.06
XFMR-1AS In 208 211 -1.77 1.01 -1.31
XFMR-1BP In 480 481 -2.70 1.00 -0.12
XFMR-1BS In 208 205 -2.70 0.99 1.32
XFMR-2BP In 480 480 -2.71 1.00 -0.08
XFMR-2BS In 208 202 -4.28 0.97 292
XFMR-A1AP In 480 489 -1.80 1.02 -1.82
XFMR-A1AS In 240 236 -2.01 0.98 1.77
XFMR-A1BP In 480 489 -1.79 1.02 -1.79
XFMR-A1BS In 208 206 -1.95 0.99 0.95
XFMR-A2AP In 480 487 -1.86 1.02 -1.52
XFMR-A2AS In 240 235 -2.07 0.98 2.07



Bus Name In/Out Service Design Volts LF Volts  Angle Degree PU Volts %\VD
XFMR-A2BP In 480 487 -1.85 1.02 -1.50
XFMR-A2BS In 208 205 -2.01 0.99 1.25
XFMR-A3AP In 480 481 -2.16 1.00 -0.30
XFMR-A3AS In 240 232 -2.37 0.97 3.34
XFMR-B1AP In 480 478 -2.70 1.00 0.40
XFMR-B1AS In 240 230 -2.92 0.96 4.07
XFMR-B1BP In 480 478 -2.69 1.00 0.42
XFMR-B1BS In 208 201 -2.86 0.97 3.22
XFMR-B2AP In 480 476 -2.71 0.99 0.80
XFMR-B2AS In 240 229 -2.93 0.96 4.48
XFMR-B2BP In 480 476 -2.70 0.99 0.82
XFMR-B2BS In 208 200 -2.87 0.96 3.63
XFMR-B3AP In 480 471 -3.08 0.98 1.95
XFMR-B3AS In 240 232 -3.31 0.97 3.32
XFMR-BSAP In 480 468 -3.10 0.97 2.51
XFMR-B8AS In 240 233 -3.69 0.97 3.07
XFMR-B8BP In 480 472 -3.00 0.98 1.57
XFMR-B8BS In 240 234 -3.19 0.98 233
XFMR-UTILAP In 12,470 12,470 0.00 1.00 0.00
XFMR-UTILAS In 480 491 -1.73 1.02 -2.21
XFMR-UTILBP In 12,470 12,470 0.00 1.00 0.00
XFMR-UTILBS In 480 482 -2.61 1.01 -0.51

Cables

From Bus Component InfOut %VD kw kvar kVA LF Amps PF
To Bus Name Service Loss Loss Loss  Rating %
ATS-B-7 TO PNL-B-7 In 0.08 58.4 41.0 714 87.7 0.82
PNL-B-7 0.1 0.0 0.1 0.0
PNL-A-1 TO XFMR-AIAP In 0.04 39.8 30.0 49.8 58.8  0.80
XFMR-A1AP 0.0 0.0 0.0 0.0
PNL-A-1 TO XFMR-A1BP In 0.06 274 20.6 343 40.5 0.80
XFMR-A1BP 0.0 0.0 0.0 0.0
PNL-A-2 TO XFMR-A2AP In 0.04 39.8 30.0 49.8 59.0  0.80
XFMR-A2AP 0.0 0.0 0.0 0.0
PNL-A-2 TO XFMR-A2BP In 0.06 274 20.6 343 40.6  0.80
XFMR-A2BP 0.0 0.0 0.0 0.0
PNL-A-3 TO AIR-COMP In 0.74 123.1 76.3 144.8 173.6  0.85
AIR-COMP 0.9 0.6 1.1 0.0




From Bus Component In/Out %VD kw kvar kVA LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
PNL-A-3 TO XFMR-A3AP In 0.04 39.8 30.1 49.9 598  0.80
XFMR-A3AP 0.0 0.0 0.0 0.0
PNL-B-1 TO XFMR-BIAP In 0.04 39.8 30.1 49.9 60.3  0.80
XFMR-BIAP 0.0 0.0 0.0 0.0
PNL-B-1 TO XFMR-BIBP In 0.06 27.4 207 344 415 0.80
XFMR-B1IBP 0.0 0.0 0.0 0.0
PNL-B-2 TO XFMR-B2AP In 0.04 39.8 30.1 49.9 60.5  0.80
XFMR-B2AP 0.0 0.0 0.0 0.0
PNL-B-2 TO XFMR-B2BP  In 0.06 275 20.7 344 416  0.80
XFMR-B2BP 0.0 0.0 0.0 0.0
PNL-B-3 TO XFMR-B3AP In 0.04 39.9 30.1 50.0 613  0.80
XFMR-B3AP 0.0 0.0 0.0 0.0
PNL-B-8 TO DISC-100ABP In 0.00 0.0 0.0 0.0 0.0  0.00
DISC-100ABP 0.0 0.0 0.0 0.0
PNL-B-8 TO XFMR-B8AP In 1.01 69.2 53.1 87.2 106.5  0.79
XFMR-BSAP 0.6 0.7 0.9 0.0
PNL-B-8 TO XFMR-B8BP In 0.07 33.8 255 42.3 517 0.80
XFMR-B8BP 0.0 0.0 0.0 0.0
SWBD-A TO CRANE-1 In 1.86 434.2 272.0 512.4 603.8 085
CRANE-1 6.7 7.0 9.7 0.0
SWBD-A TO CRANE-2 In 1.86 4342 272.0 5124 6038 085
CRANE-2 6.7 7.0 9.7 0.0
SWBD-A TO DISC-800ABP In 0.00 0.0 0.0 0.0 0.0 0.00
DISC-800ABP 0.0 0.0 0.0 0.0
SWBD-A TO PNL-A-1 In 0.21 67.3 50.8 84.3 994  0.80
PNL-A-1 0.1 0.2 0.2 0.0
SWBD-A TO PNL-A-2 In 0.50 67.4 51.0 84.6 99.7  0.80
PNL-A-2 0.3 0.4 0.4 0.0
SWBD-A TO PNL-A-3 In 1.72 164.9 1093 197.9 2332 0.83
PNL-A-3 2.1 3.0 3.6 0.0
SWBD-A TO PNL-A-4 In 1.74 107.4 80.6 134.3 1583  0.80
PNL-A-4 1.8 1.4 2.3 0.0
SWBD-A TO PNL-A-5 In 2.09 107.5 81.2 134.8 1588  0.80
PNL-A-5 1.9 2.0 2.8 0.0
SWBD-A TO PNL-A-6 In 0.27 6.6 4.9 82 9.7  0.80
PNL-A-6 0.0 0.0 0.0 0.0




From Bus Component In/Out %VD kW kvar kVA LF Amps PF

To Bus Name Service Loss Loss Loss Rating %
SWBD-A TO PNL-A-ILL In 0.04 24.5 18.4 30.7 362 0.80
PNL-A-ILL 0.0 0.0 0.0 0.0
SWBD-A TO XFMR-1AP In 0.00 3.3 2.5 4.1 49 080
XFMR-1AP 0.0 0.0 0.0 0.0
SWBD-B TO ATS-B-7 In 2.24 _ 59.8 41.9 73.0 87.7 0.82
ATS-B-7 1.4 0.9 1.6 0.0
SWBD-B TO CRANE-3 In 2.14 4354 273.2 514.0 617.5  0.85
CRANE-3 7.8 8.2 11.4 0.0
SWBD-B TO CRANE-~4 In 2.14 4354 2732 514.0 617.5 0.85
CRANE-4 7.8 8.2 114 0.0
SWBD-B TO PNL-B-1 In 0.49 67.6 51.0 84.7 101.7  0.80
PNL-B-1 0.3 0.3 0.4 0.0
SWBD-B TO PNL-B-2 In 0.88 67.9 51.2 85.0 102.2  0.80
PNL-B-2 0.6 0.5 0.8 0.0
SWBD-B TO PNL-B-3 In 2.04 147.7 112.6 185.8 223.1 0.80
PNL-B-3 2.3 3.3 4.0 0.0
SWBD-B TO PNL-B-4 In 0.90 533 40.0 66.6 80.0  0.80
PNL-B-4 0.5 0.4 0.6 0.0
SWBD-B TO PNL-B-5 In 1.35 107.0 80.3 133.8 160.7  0.80
PNL-B-5 1.4 1.1 1.8 0.0
SWBD-B TO PNL-B-6 In 2.06 107.4 81.4 134.8 161.9  0.80
PNL-B-6- 1.8 2.2 2.9 0.0
SWBD-B TO PNL-B-8 In 1.63 264.6 202.1 333.0 400.0 0.79
PNL-B-8 3.3 4.7 5.7 0.0
SWBD-B TO PNL-B-ILL In 0.05 30.9 23.1 38.6 46.3  0.80
PNL-B-ILL 0.0 0.0 0.0 0.0
SWBD-B TO XFMR-1BP In 0.01 6.2 4.6 7.7 93 0.80
XFMR-1BP 0.0 0.0 0.0 0.0
SWBD-B TO XFMR-TRAIL In 0.05 322.9 256.5 412.4 4954  0.78
XFMR-2BP 0.1 0.1 0.2 0.0
XFMR-1AS TO PNL-A-BLD In 0.01 3.3 2.5 4.1 112 0.80
PNL-A-BLD 0.0 0.0 0.0 0.0
XFMR-1BS TO PNL-B-BLD In 0.02 6.1 4.6 7.6 214 0.80
PNL-B-BLD 0.0 0.0 0.0 0.0
XFMR-2BS TO PNL-TRAIL1 In 0.11 159.9 120.0 199.9 571.6  0.80
PNL-TRAILI1 0.1 0.2 0.2 0.0
XFMR-2BS TO PNL-TRAIL2 In 0.11 159.9 120.0 199.9 571.6  0.80
PNL-TRAIL2 0.1 0.2 0.2 0.0




From Bus Component In/Out %VD kW kvar kVA LF Amps PF
To Bus Name Service Loss Loss Loss Rating %
XFMR-A1AS TO PNL-A-1A In 0.11 38.4 28.8 48.1 117.7  0.80
PNL-A-1A 0.0 0.0 0.1 0.0
XFMR-A1BS TO PNL-A-1B In 0.19 26.7 20.0 334 93.5 0.80
PNL-A-1B 0.1 0.0 0.1 0.0
XFMR-A2AS TO PNL-A-2A In 0.11 38.4 28.8 48.1 118.0  0.80
PNL-A-2A 0.0 0.0 0.1 0.0
XFMR-A2BS TO PNL-A-2B In 0.19 26.7 20.0 334 93.8 0.80
PiyLAﬂi B 7 0.1 0.0 0.1 0.0
XFMR-A3AS TO PNL-A-3A In 0.11 38.4 28.8 48.1 119.6  0.80
PNL-A-3A 0.0 0.0 0.1 0.0
XFMR-BI1AS TO PNL-B-1A In 0.12 38.4 28.8 48.1 120.5  0.80
PNL-B-1A 0.0 0.0 0.1 0.0
XFMR-B1BS TO PNL-B-1B In 0.20 26.7 20.0 33.4 957 0.80
PNL-B-1B 0.1 0.0 0.1 0.0
XFMR-B2AS TO PNL-B-2A In 0.12 38.4 28.8 48.1 121.0  0.80
PNL-B-2A 0.0 0.0 0.1 0.0
XFMR-B2BS TO PNL-B-2B In 0.20 26.7 20.0 334 96.1 0.80
PNL-B-2B 0.1 0.0 0.1 0.0
XFMR-B3AS TO PNL-B-3A In 0.11 38.4 28.8 48.1 119.6  0.80
PNL-B-3A 0.0 0.0 0.1 0.0
XFMR-B8AS TO PNL-B-8A In 0.15 55.7 41.8 69.7 1729  0.80
PNL-B-8A 0.1 0.1 0.1 0.0
XFMR-B8AS TO PNL-B-8C In 0.57 9.7 7.2 12.1 30.0  0.80
PNL-B-8C 0.1 0.0 0.1 0.0
XFMR-BSBS TO PNL-B-8B In 0.53 32.8 24.6 40.9 100.8  0.80
PNL-B-8B 0.2 0.1 0.2 0.0
XFMR-UTILAS TO SWBD-A In 0.15 1,418.8 945.1 1,704.8 2,006.1 0.83
SWBD-A 1.4 2.4 2.7 0.0
XFMR-UTILBS TO SWBD-B In 0.38 2,111.5 1,500.6 2,590.4 3.0999  0.82
SWBD-B 5.5 9.3 10.8 0.0
2-Winding Transformers

From Bus Component In/Out %VD kW kvar kVA LF {\mps PF
To Bus Name Service Loss Loss Loss Rating %
XFMR-1AP XFMR-1A In 0.76 3.3 25 4.1 50 0.80
XFMR-1AS 0.0 0.0 0.0 13.5




From Bus Component In/Out %VD kw kvar kVA  LF Amps PF
To Bus Name Service Loss Loss Loss Rating%
XFMR-1BP XFMR-1B In 1.44 6.2 4.6 7.7 9.0 0.80
XFMR-1BS 0.1 0.1 0.1 25.7
XFMR-2BP XFMR-2B In 3.00 322.8 256.3 412.2 495.0 0.78
XFMR-2BS 3.0 16.4 16.6 82.4
XFMR-AL1AP XFMR-ATA In 3.58 397 30.0 49.8 59.0  0.80
XFMR-ALAS 1.3 1.2 1.8 97.8
XFMR-A1BP XFMR-A1B In 2.74 27.4 20.6 343 41.0  0.80
XFMR-A1BS 0.7 0.6 0.9 74.9
XFMR-A2AP XFMR-A2A In 3.59 39.7 30.0 49.8 59.0 0.80
XFMR-A2AS 1.3 1.2 1.8 98.1
XFMR-A2BP XFMR-A2B In 2.75 27.4 20.6 34.3 41.0 0.80
XFMR-A2BS 0.7 0.6 0.9 75.1
XFMR-A3AP XFMR-A3A In 3.64 39.8 30.1 49.9 60.0 0.80
XFMR-A3AS 1.3 1.2 1.8 99.4
XFMR-B1AP XFMR-BIA In 3.67 39.8 30.1 49.9 60.0 0.80
XFMR-B1AS 1.4 1.3 1.8 100.2
XFMR-B1BP XFMR-B1B In 2.80 27.4 20.7 34.3 41.0 080
XFMR-B1BS 0.7 0.7 1.0 76.6
XFMR-B2AP XFMR-B2A In 3.68 39.8 30.1 49.9 61.0 0.80
XFMR-B2AS 1.4 1.3 1.9 100.6
XFMR-B2BP XFMR-B2B In 2.82 27.4 20.7 34.3 42.0  0.80
XFMR-B2BS 0.7 0.7 1.0 76.9
XFMR-B3AP XFMR-B3A In 1.37 398 30.1 50.0 61.0  0.80
XFMR-B3AS 1.4 1.3 1.9 101.9
XFMR-B8AP XFMR-BSA In 0.56 68.5 52.5 86.3 106.0 0.79
XFMR-B8AS 3.1 34 4.7 118.1
XFMR-B8BP XFMR-B8B In 0.76 33.7 25.5 42.3 52.0 0.80
XFMR-B8BS 1.0 0.9 1.4 85.9
XFMR-UTILA XFMR-UTILA In 221 1.427.5 1,014.5 1,751.3 81.0 0.82
XFMR-UTILA ) 8.7 69.4 69.9 70.1
XFMR-UTILB XFMR-UTILB In -0.51 2.132.2 1,666.2 2,706.1 125.0  0.79
XFMR-UTILBS 20.7 165.7 167.0 108.2




